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PREFACE

Statements made in this report must be considered in light
of the assumptions and caveats associated with the study. Any
attempt to develop generalizations from the results of this study
must be approached with caution.

This report summarizes findings presented in a series of
reports that describe the results of a research project that was
undertaken to provide OCSEAP estimates of the impact of two
specific oil spill accidents at three sites on red king crab,
yellowfin sole, Pacific cod, and sockeye salmon (Table 1). The
study addressed three major areas of possible impacts of oil on
fisheries: 1) effects of oil on fish and shellfish eggs and
larvae and the projection of these effects over subsequent years,
2) effects of oil on adult fish and the possible uptake of
hydrocarbons by fish, and 3) effects on the benthic ecosystem of
weathered oil on the bottom of the ocean. Evidence based upon
the best environmental and biological data available suggests
that spills of the magnitude and at the locations indicated would
not seriously impact the productivity of these stocks. Tainting
was considered to be a potential problem. The impact on the
fishery of the loss of fishing area and/or the fouling of vessels
or gear were considered to the extent allowed by the data. The
impact of oil accidents under various ice conditions, the effects
of oil on the beach and inshore areas, and the effects of oil on
marine mammals and birds were not considered. It is important to
recognize that study findings must be evaluated within the
context of the validity of assumptions made. Further, any change
in the scenario, location of spills, or changes in the
distribution of animals relative to the spill can be expected to
produce a different impact. Such an evaluation would require a
new study, as would the assessment of the impact of the original
scenarios on other species of plants or animals and the impact
if, in the simulation, significant quantities of oil were
permitted to invade the beaches and estuaries of Bristol Bay.

T h i s  r e p o r t  i s  f r o m  a  s e r i e s  o f  p r o c e s s e d  r e p o r t s  a n d
p r o g r a m  d o c u m e n t a t i o n  p r o d u c e d  b y  t h e  N o r t h w e s t  a n d
A l a s k a  F i s h e r i e s  C e n t e r , N a t i o n a l  M a r i n e  F i s h e r i e s
S e r v i c e ,  N O A A ,  i n  S e a t t l e ,  W a s h i n g t o n ,  a n d  i s
i n d i v i d u a l l y  a v a i l a b l e  a s  P r o c e s s e d  R e p o r t  8 5 - 1 9  f r o m
t h a t  s o u r c e .

T h i s  s t u d y  w a s  f u n d e d  b y  M i n e r a l s  M a n a g e m e n t  S e r v i c e
t h r o u g h  a n  i n t e r a g e n c y  a g r e e m e n t  w i t h  N O A A .
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1. THE POSING OF THE PROBLEMS OF OIL DEVELOPMENTS AND FISHERIES INTERACTIONS

1 . 1  T h e  p o s i n g  o f  t h e  p r o b l e m s  p e r t a i n i n g  t o  t h e  e f f e c t s  o f  o i l

d e v e l o p m e n t s  on t h e  f i s h e r i e s .

S o m e  p a s t  o i l  s p i l l s  f r o m  g r o u n d e d  t a n k e r s  h a v e  c a u s e d  e x t e n s i v e  d a m a g e  t o

b e a c h e s  a n d  h a v e  d a m a g e d  local  inter- a n d  subtidal m a r i n e  e c o s y s t e m s . T h e s e

c o a s t a l  s p i l l s  h a v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  in t h e  n e w s  m e d i a  a n d  f r o m

the

not

(exc

s c i e n t i f i c  c o m m u n i t y . H o w e v e r , n o  e v i d e n c e  h a s  b e e n  f o u n d  d o c u m e n t i n g

ceable  d e t r i m e n t a l  e f f e c t s  o f  p a s t  o i l  d e v e l o p m e n t s  o n  f i s h e r y  r e s o u r c e s

luding  m i n o r  l o c a l  i m p a c t s ) , d e s p i t e  m a n y  Draconian f o r e c a s t s  o f  t h e  p o s s i b l e

a n d  e c o s y s t e m s . M a n y  o f  t h e s e

i n c o r r e c t  e x t r a p o l a t i o n s  o f

i m p a c t s  o f  oil d e v e l o p m e n t s  o n  m a r i n e  f i s h e r i e s

s i n i s t e r  f o r e c a s t s  a p p e a r  t o  h a v e  r e s u l t e d  f r o m

selective laboratory observations on the effects of hydrocarbons on the physiology,

g e n e t i c s ,  a n d  m o r t a l i t y  o f  f i s h  ( P a y n e  1 9 8 2 ) . A s  a  r e s u l t  o f  m i s c o n c e p t i o n s

o f  p o s s i b l e  e f f e c t s  o f  o i l  d e v e l o p m e n t s  o n  m a r i n e  e c o s y s t e m s ,  a n  a n t a g o n i s t i c

a t t i t u d e  b e t w e e n  o i l  d e v e l o p m e n t  a n d  f i s h e r i e s  ( m a i n l y  p r e s e n t e d  b y

IIenvironmental istsli) p r e v a i l s  i n  t h e  U n i t e d  S t a t e s ,  w h e r e a s  i n  E u r o p e  a n d  i n

e a s t e r n  C a n a d a  a  c o o p e r a t i v e  a t t i t u d e  e x i s t s  w h i c h  i s  b a s e d  o n  m u l t i p l e  u s e

c o n c e p t s  o f  n a t u r a l  r e s o u r c e s .

T o  c l a r i f y  t h e  p o s s i b l e  e f f e c t s  o f  o f f s h o r e  o i l  d e v e l o p m e n t  o n  f i s h e r i e s ,

i t  i s  n e c e s s a r y  t o  i n v e s t i g a t e  t h i s  c o m p l e x  o f  p r o b l e m s  q u a n t i t a t i v e l y

( n u m e r i c a l l y )  u s i n g  a l l  a v a i l a b l e  p e r t i n e n t  k n o w l e d g e .  A  c o n t r a c t  t o  t h i s  e f f e c t

w a s  g i v e n  f r o m  M i n e r a l  M a n a g e m e n t  S e r v i c e  v i a  N a t i o n a l  O c e a n  S e r v i c e  t o  t h e

N o r t h w e s t  a n d  A l a s k a  F i s h e r i e s  C e n t e r . T h e  p r e s e n t  r e p o r t  p r e s e n t s  t h e  s u m m a r y

o f  t h e  s t u d i e s  o f  t h e  Possible e f f e c t s  o f  oil d e v e l o p m e n t s  o n  t h e  f i s h e r y

r e s o u r c e s  i n  t h e  e a s t e r n  B e r i n g  S e a ,  m a i n l y  i n  B r i s t o l  B a y .
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1 . 2  H y p o t h e s e s  o n  t h e  p r o b a b l e  e f f e c t s  o f  o i l  d e v e l o p m e n t  o n  f i s h e r

a n d  f i s h e r y  r e s o u r c e s .

A  m a i n  d e t r i m e n t a l  e f f e c t  o f  local o i l  d e v e l o p m e n t  o n  a  f i s h e r y  a n d

e s

t s

r e s o u r c e s  m i g h t  b e

p i p e l i n e  r u p t u r e .

m a y  o c c u r  a n y w h e r e

c a u s e d  b y  a n  oil s p i l l  f r o m  a  w e l l  b l o w - o u t  o r  f r o m  a

O n  t h e  o t h e r  h a n d ,  a n  o i l  s p i l l  f r o m  z t a n k e r  a c c i d e n t

i n  t h e  w o r l d  w h e r e  o i l  i s  t r a n s p o r t e d .

O i l  s p i l l s  a t  s e a  s p r e a d  a t  t h e  s u r f a c e , f r o m  w h e r e  t h e  g r e a t e s t  p a r t  o f

i t  e v a p o r a t e s , a n d  t h e  r e m a i n d e r  d i s s i p a t e s  t h r o u g h  t h e  w a t e r  c o l u m n  b y

d i s s o l u t i o n  a n d  e m u l s i f i c a t i o n . W e a t h e r e d  o i l  s e t t l e s  t o  t h e  b o t t o m ,  a n d  i f

t h e  a c c i d e n t  h a p p e n s  n e a r  t h e  c o a s t  s o m e  o f  t h e  o i l  m i g h t  b e  b l o w n  t o  t h e  s h o r e .

( T h i s  l a t t e r  a s p e c t  i s  n o t  c o n s i d e r e d  i n  t h i s  s t u d y .  )

I f  c o n s i d e r a b l e  c o n c e n t r a t i o n s  o f  o i l  w e r e  t o  b e  f o u n d  i n  t h e  w a t e r  c o l u m n

( d i s s o l v e d  a n d / o r  e m u l s i f i e d )  , i t  m i g h t  have s o m e  l e t h a l  a n d  s u b l e t h a l  e f f e c t s

o n  o r g a n i s m s  ( e . g . f i s h ) ,  b e f o r e  t h e  n a t u r a l  p u r i f i c a t i o n  r e s t o r e s  t h e  e n v i r o n -

m e n t  t o  pre-spill c o n d i t i o n s  ( a  m a t t e r  o f  w e e k s ) .  Sedimentized w e a t h e r e d  o i l

o n  t h e  b o t t o m  will, h o w e v e r ,  p e r s i s t  l o n g e r  t h a n  i n  t h e  w a t e r  c o l u m n ,  a n d  m a y

h a v e  s o m e  e f f e c t  o n  benthic a n i m a l s  ( i n c l u d i n g  demersal  f i s h )  f o r  a  l o n g e r

p e r i o d .

It h a s  b e e n  a s s u m e d  i n  t h e  p a s t  t h a t  s o m e  d i r e c t  ( a n d  i m m e d i a t e )  e f f e c t s  o f

a n  o i l  s p i l l  o n  f i s h i n g  m i g h t  b e :

1 )  L o s s  o f  f i s h i n g  a r e a , d u e  t o  p r e s u m p t i o n  by-the spill o r  c l e a n u p  a c t i v i t y

( s e e  S e c t i o n  4 . 3 ) .

2 )

e x t r e m e

3 )

(Possib’

P o s s i b i l i t y  o f  f o u l i n g  o f  v e s s e l s  o r  g e a r  ( a  d i s c o u n t e d  p o s s i b i l i t y  o f

r a r i t y ) .

I n a b i l i t y  t o  s e l l  c a t c h  d u e  t o  t a i n t i n g  ( s e e  S e c t i o n s  4 . 2  a n d  4 . 3 ) .

e  c o n s u m e r  a v o i d a n c e ,  o f t e n  i n t e n s i f i e d  b y  j o u r n a l i s t i c  s e n s a t i o n a l i s m . )
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4 )  P o s s i b l e  l o s s  o f  c a t c h , d u e  t o  t o x i c  m o r t a l i t y  o f  e x p l o i t a b l e  s t o c k ,

o r  o f  e g g s  a n d  l a r v a e  a f f e c t i n g  f u t u r e  e x p l o i t a b l e  s t o c k  ( s e e  S e c t i o n s  4 . 1 ,

4 . 2 ,  a n d  4 . 4 ) .

5) A c u t e  b u t  l a t e n t  m o r t a l i t y  t o  e g g s ,  l~rvae, j u v e n i l e s ,  a n d  a d u l t s

( s e e  S e c t i o n s  4 . 1 ,  4 . 2 ,  ancf 4 . 4 ) .

6 )  E f f e c t s  o n  h a b i t a t  a n d  a l t e r a t i o n  o f  p r e y  p o p u l a t i o n  a n d  f o o d  c h a i n

( s e e  S e c t i o n  4 . 2 ) .

A l t h o u g h  p o s s i b l e  g e n e t i c  m u t a t i o n s  a r e  m e n t i o n e d  i n  s o m e  l i t e r a t u r e ,  n o

s e r i o u s  s c i e n t i f i c  e v i d e n c e  c a n  b e  found t o  e l a b o r a t e  o n  t h i s  v e r y  r e m o t e

h y p o t h e s i s .

M a n y  o t h e r  f a c t o r s  b e s i d e s  p o s s i b l e  o i l  s p i l l  e f f e c t s  o p e r a t e  o n  f i s h e r y

r e s o u r c e s , s u c h  a s  y e a r  t o  y e a r  d i f f e r e n c e s  i n  a v a i l a b i l i t y  o f  f i s h  i n  g i v e n

l o c a t i o n s , n a t u r a l  f l u c t u a t i o n s  o f  s t o c k s ,  e f f e c t s  o f  f i s h i n g  o n  s t o c k s ,  a n d

m a r k e t  c o n d i t i o n s . T h e  e f f e c t s  o f  a l l  factcrs a f f e c t i n g  f i s h  s t o c k s  c a n  b e

e v a l u a t e d  o n  a  c o m p a r a t i v e  b a s i s  ( i . e . c o m p a r i n g  t h e  ~il s p i l l  e f f e c t s  t o

n a t u r a l  f l u c t u a t i o n s  a n d  t o  t h e  l o c a l  e f f e c t s  o f  r e s o u r c e  c h a n g e s  o n  t h e  f i s h e r y

a s  a  w h o l e ) .

1 . 3  O b j e c t i v e s  o f  p r e s e n t  s t u d y .

T h e  p o t e n t i a l  i m p a c t s  o f  o i l  d e v e l o p m e n t  o n  f i s h e r

t h e  p r e s e n t  s t a t e  o f  k n o w l e d g e  o f  complex d y n a m i c ,  bio’

s t o c k  p r o d u c t i o n  a r i d  e c o s y s t e m  i n t e r a c t i o n s ,  w h i c h  c a n

m a r i n e  f i s h  e c o s y s t e m  s i m u l a t i o n s .

e s  a r e  a s s e s s a b l e  w i t h

ogicai p r o c e s s e s  o f

b e  a t t a c k e d  w i t h  c o m p l e x

T h e  p r e s e n t  s t u d y  a d d r e s s e d  t h r e e  m a j o r  a r e a s  o f  p o s s i b l e  i m p a c t s  o f  o i l

o n  f i s h e r i e s :
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1 )  E f f e c t s  o f  o i l  ( f r o m  a c c i d e n t s )  o n  f i s h  a n d  s h e l l f i s h  e g g s  and l a r v a e ,

a n d  t h e  p r o j e c t i o n  o f  t h e s e  e f f e c t s  o v e r  s u b s e q u e n t  y e a r s .

2 )  P o s s i b l e  e f f e c t s  o f  o i l  on  a d u l t  f i s h  ( i n c l u d i n g  c r a b s  a n d  m i g r a t i n g

s a l m o n ) ,  a n d  t h e  p o s s i b l e  u p t a k e  o f  h y d r o c a r b o n s  b y  f i s h  ( r e .  t a i n t i n g  a n d

p o s s i b l e  a r e a  c l o s u r e  i n  c a s e  o f  a c c i d e n t s ) .

3 )  P o s s i b l e  e f f e c t s  o f  w e a t h e r e d  o i l  o n  t h e  b o t t o m  o n  t h e  benthic e c o s y s t e m

( i n c l u d i n g  d e m e r s a l  f i s h ) .

T w o  s u b j e c t s  r e c e i v e d  p e r f u n c t o r y  c o n s i d e r a t i o n  b e c a u s e  t h e  t e r m s  o f  t h e

c o n t r a c t  e x c l u d e d  t h e m :  t h e  p o s s i b l e  e f f e c t s  o f  o i l  o n  t h e  b e a c h e s ,  a n d  t h e

e m o t i o n - l a d e n  p r o b l e m s  o f  p o s s i b l e  e f f e c t s  o f  o i l  o n  m a r i n e  m a m m a l s  a n d  b i r d s .

T h e  n u m e r i c a l  s t u d y  w a s  c a r r i e d

t a n k e r  a c c i d e n t s  ( T a b l e  1 )  w i t h  t h e

C o n d i t i o n s  (MEC), w h i c h  w a s  d e f i n e d

o u t  w i t h  h y p o t h e t i c a l  w e l l  biowouts  a n d

o b j e c t i v e  o f  a c h i e v i n g  M a x i m u m  E f f e c t

a s  f o l l o w s  ( s e e  a l s o  T a b l e  1 ) :

1 )  E i t h e r  t h e  l a r g e s t  p l a u s i b l e  w e l l  b l o w o u t s  i n

( s e e  F i g .  1 ) ,  r e l e a s i n g  2 0 , 0 0 0  bbl/day of  Prudhoe B a y

o r  a  t a n k e r  a c c i d e n t  r e l e a s i n g  2 4 0 , 0 0 0  bbl a u t o m o t i v e

o n e  o f  3  l o c a t i o n s

c r u d e  o i l  f o r  15 d a y s ,

d i e s e l  ( r e f i n e d )  a t  a

r a t e  o f  1 0 , 0 0 0  bbl/hr i n  o n e  o f  t h e  s a m e  t h r e e  l o c a t i o n s :  ( 1 )  o f f  P o r t  Moller,

4 5  m d e p t h ;  2 )  o f f  P o r t  H e i d e n , 4 3  m  d e p t h ;  a n d  3 )  o f f  C a p e  N e w e n h a m ,  4 3  m

depth)  .

m

h

2 )  T h e  s p r e a d i n g  o f  o i l  i n  t h e  w a t e r  o c c u r r e d  i n  c o n d i t i o n s  o f  w i n d s ,  t i d e s ,

x e d  l a y e r  d e p t h , a n d  t e m p e r a t u r e  w h i c h  p r o d u c e d  t h e  l a r g e s t  p o s s i b l e  a r e a  o f

ghest  p o s s i b l e  c o n c e n t r a t i o n  (>1 p p m )  o f  w a t e r  s o l u b l e  f r a c t i o n  (WSF)  o f  o i l

in t h e  w a t e r . T h e  w i n d  d i r e c t i o n  c h o s e n  w a s  t h e  m o s t  f r e q u e n t  f o r  t h e  l o c a t i o n .

3 )  T h e  b l o w o u t / a c c i d e n t  o c c u r r e d  d u r i n g  t h e  m o s t  u n f a v o r a b l e  t i m e  w i t h

r e s p e c t  t o  t h e  f i s h e r y  r e s o u r c e s  ( p e a k  s p a w n i n g  t i m e  w i t h  m a x i m u m  a g g r e g a t i o n
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T a b l e  I . - - H y p o t h e t i c a l  oil-spi 1 s c e n a r i o s .

C o m p u t a t i o n
g r i d  s i z e

S c e n a r i o O i l  t y p e Vo 1 Ume D u r a t i o n (mesh 2 km)

B l o w o u t P r u d h o e  B a y  c r u d e 2 0 , 0 0 0  bbl/day 1 5  d a y s 50 x  5 0

A c c i d e n t A u t o m o t i v e  d i e s e l 2 4 0 , 0 0 0  bbl 1 0  d a y s 32 X 34
( r e f i n e d ) ( 1 0 , 0 0 0  bbl/hr)
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F i g u r e  1 - - - L o c a t i o n s  o f  h y p o t h e t i c a l  o i l  s p i l l  s c e n a r i o s .
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of fish per unit area, and/or peak migration time of anadromous fish).

ff) T h e  p r e v a i l i n g  c o n d i t i o n s  affecting t h e  s e d i m e n t a t i o n  o f  t h e  o i l  to

t h e  b o t t o m  w e r e  s u c h  t h a t  h i g h e s t  p o s s i b l e  q u a n t i t y  o f  oil a c c u m u l a t e d  o n  t h e

b o t t o m  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e .

D e t a i l e d  r e s u l t s  o f  t h e  s t u d y  a r e  f o u n d  i n  f i f t e e n  t e c h n i c a l  r e p o r t s  ( s e e
e

S e c t i o n  5 ) ;  t h i s  r e p o r t  p r e s e n t s  t h e  s u m m a r y  o f  t h e  e s s e n t i a l  r e s u l t s .

2 . REVIEW OF PAST RESEARCH AND ITS APPLICABILITY.

2.1 I n t e r p r e t a t i o n  o f  l a b o r a t o r y  r e s e a r c h .

A  v o l u m i n o u s  a m o u n t  o f  l i t e r a t u r e  i s  a v a i l a b l e  o n  t h e  l a b o r a t o r y  s t u d

o f  o i l  e f f e c t s  o n  f i s h  and o t h e r  a q u a t i c  biota. T h e  c o r r e s p o n d i n g  r e p o r t :

e s

on

f i e l d  s t u d i e s  a r e  f e w , a n d  a r e  m o s t l y  q u a l i t a t i v e ,  i n c o n c l u s i v e  d e s c r i p t i o n s

o f  p a s t  a c c i d e n t s . S o m e  s u m m a r y  w o r k s  o n  t h e  s u b j e c t  a r e  also a v a i l a b l e  ( e . g .

Connell a n d  M i l l e r  1 9 8 0 ,  a n d  U

1984) . O b j e c t i v e  q u a n t i t a t i v e

a p p l i c a b i l i t y  t o  t h e  “real w o r

t h e  c o n c l u s i o n  o f  t h e  N a t i o n a l

S .  N a t i o n a l  A c a d e m y  o f  S c i e n c e  ( n u m e r o u s  a u t h o r s )

e v a l u a t i o n  o f  t h e  ?aboratory s t u d i e s  a n d  t h e i r

d “  i s  d i f f i c u l t  i n d e e d ,  a n d  o n e  h a s  t o  a g r e e  w i t h

A c a d e m y  o f  S c i e n c e  r e p o r t  ( 1 9 8 4 ) :

“ T h e  single m o s t  s i g n i f i c a n t  g a p  e x i s t i n g  t o  d a t e  i s  o u r  d i f f i c u l t y  i n

t r a n s f e r r i n g  t h e  i n f o r m a t i o n  o b t a i n e d  f r o m  l a b o r a t o r y  s t u d i e s  t o  p r e d i c t i n g

a n d / o r  e v a l u a t i n g  p o t e n t i a l  i m p a c t  o f  p e t r o l e u m  o n  l i v i n g  m a r i n e  r e s o u r c e s  i n

t h e  f i e l d ,  e s p e c i a l l y  i n  t h e  c a s e  o f  s p i l l  i m p a c t  o n  s u c h  c o m m e r c i a l l y  i m p o r t a n t

s t o c k s  a s  f i s h  =nd s h e l l f i s h , ”

P r i n c i p a l  p r o b l e m s  w i t h  t h e  e v a l u a t i o n  o f  t h e  p a s t  e f f e c t  s t u d i e s  a r e :

1 )  M o s t  o f  t h e  l a b o r a t o r y  s t u d i e s  h a v e  b e e n  c a r r i e d  o u t  w i t h  W S F

c o n c e n t r a t i o n s  t w o  t o  f o u r  o r d e r s  o f  m a g n i t u d e s  (100 t o  1 0 , 0 0 0  t i m e s )  h i g h e r

t h a n  w o u l d  o c c u r  i n  t h e  o c e a n  w i t h  t h e  g r e a t e s t  p l a u s i b l e  a c c i d e n t .
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2 )  N u m e r o u s  d i f f e r e n t  c o m p o n e n t s  o f  h y d r o c a r b o n s  h a v e  b e e n  u s e d  i n  t h e s e

s t u d i e s ,  w i t h  v e r y  d i f f e r e n t  m e t h o d s  o f  e x p o s u r e  o f  f i s h  a n d  o t h e r  m a r i n e

o r g a n i s m s .

O n l y  r a r e l y  d o e s  s o m e  r e p o r t  s t a t e  h o n e s t l y  t h e  a p p l i c a b i l i t y  o f  t h e i r

r e s u l t s ,  a s  h a s  b e e n  d o n e  b y  Duval a n d  F i n k  1981: c

‘ H y d r o c a r b o n  l e v e l s  i n  w a t e r  f o l l o w i n g  o i l  s p i l l s  w o u l d  r a r e l y  p e r s i s t  a t

t h e  c o n c e n t r a t i o n s  r e q u i r e d  to c a u s e  m a n y  o f  t h e  p h y s i o l o g i c a l  a n d  b e h a v i o r a l

e f f e c t s  o b s e r v e d  d u r i n g  t h i s  investigation.ii

S t u d i e s  o f  s u b l e t h a l  e f f e c t s  o f  p e t r o l e u m  h y d r o c a r b o n s  h a v e  a l s o  b e e n

s u m m a r i z e d  b y  Connell a n d  M i l l e r ,  o p .  c i t . ,  N a t .  A c a d .  Sci. ( o p .  c i t . )  a n d  b y

Malins e t  a l .  1 9 8 2 .
*

T h e  e s s e n t i a l  a p p l i c a b l e  c o n c l u s i o n  f r o m  t h e  n u m e r o u s  p a s t  s t u d i e s  i s

t h a t  W S F  c o n c e n t r a t i o n s  i n  e x c e s s  o f  1 0 0  p p b  a r e  l e t h a l  t o  f i s h  e g g s  a n d  l a r v a e

w i t h i n  a  f e w  days, a n d  t h a t  a d u l t  f i s h  t o l e r a t e  c o n c e n t r a t i o n s  i n  e x c e s s  o f

1 ppm. T h e  l a t t e r  c o n c e n t r a t i o n  c a n  b e  t a k e n  a s  l o w e s t  l i m i t  o f  W S F  c o n c e n -

t r a t i o n s  w h i c h  c a u s e  m o r t a l i t i e s  i n  f i s h  w i t h i n  a  f e w  d a y s .

T h e  s a m e  c o n c e n t r a t i o n s  ( 1  p p m )  c a n  b e  t a k e n  a s  t h e  l o w e r  l i m i t  w h i c h

c a u s e s  s u b l e t h a l  e f f e c t s  i n  a d u l t  f i s h . T h e  l a t t e r  a r e  o f t e n  i l l - d e f i n e d ;

p a t h o l o g i c a l  c h a n g e s  i n  t h e  l i v e r  o f  f l a t f i s h ,  f o r  e x a m p l e ,  o c c u r  b o t h  i n

o i l - e x p o s e d  a n d  n o n - e x p o s e d  f i s h  (Malins e t  a l .  1 9 8 2 ) .

M o s t  m a r i n e  a n i m a l s  ( i n c l u d i n g  f i s h )  a r e  c a p a b l e  o f  m e t a b o l i z i n g  h y d r o -

c a r b o n s . M e t a b o l i c  p r o d u c t s  a r e  u s u a l l y  r e t a i n e d  l o n g e r  iil t h e  b o d i e s  t h a n

p a r e n t  h y d r o c a r b o n s . M o s t  o f  t h e  h y d r o c a r b o n s  a r e  t a k e n  u p  w i t h  f o o d

( e s p e c i a l l y  benthos). I t  w a s  c o n c l u d e d  f r o m  t h e  l i t e r a t u r e  r e v i e w  t h a t  f i s h

c a n  b e  c o n s i d e r e d  t a i n t e d  i f  t h e  c o n c e n t r a t i o n s  o f  h y d r o c a r b o n s  i n  t h e  b o d y
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is >5 ppm. Hydrocarbons can be present in fish even when no tainting is

d e t e c t e d  ( G r a h l - N i e l s e n ,  Neppelberg, Palmork, W e s t r h e i m ,  a n d  Wilhelmsen  1 9 7 6 ) .

2 . 2  P a s t  e x p e r i e n c e s  w i t h  o i l  s p i l l s  a s  p e r t a i n i n g  t o  f i s h e r i e s .

F r e q u e n t  r e m a r k s  o n  possible e f f e c t s  o f  o i l  s p i l l s  o n  f i s h  a n d  f i s h e r i e s

c a n  b e  found i n  e x i s t i n g  ‘toil s p i l l  l i t e r a t u r e ” . T h e s e  u n q u a n t i f i e d  r e m a r k s

a r e ,  h o w e v e r , u n s u b s t a n t i a t e d  i n  t h e  m a j o r i t y  o f  c a s e s . O n l y  f i v e  reports

( s u m m a r i z e d  b e l o w )  a t t e m p t  t o  e v a l u a t e  q u a n t i t a t i v e l y  t h e  p o s s i b l e  e f f e c t s  o f

o i l  d e v e l o p m e n t s  a n d  o i l  spills o n  f i s h e r i e s . I n  a d d i t i o n , t h e r e  e x i s t s  a

f e w  gcod l o c a l  s t u d i e s  o n  t h e  s u b j e c t  w h i c h  c o v e r  ( a n d  e m p h a s i z e )  t h e

socio-economic a s p e c t s  o f  oil d e v e l o p m e n t s  o n  l o c a l  f i s h i n g  c o m m u n i t i e s  ( e . g .

C a n a d i a n  s t u d i e s  f r o m  N e w f o u n d l a n d  a n d  N o v a  S c o t i a ) .

An e a r ”

p r o d u c t i o n

catastrophe

Offentlige

ier study by Johnston (1977) concludes that

or its approximate cash equivalent are very

c o i l  spill. A n o t h e r  s t u d y  b y  N o r w e g i a n  S C’

l o s s e s  r e c k o n e d  a s  f i s h

s m a l l  e v e n  f o r  a

entists (Norges

U t r e d n i n g e r  N O U  1980:25) p o i n t s  o u t  t h a t  t h e  m a i n  e f f e c t s  o f  an o i l

s p i l l  o n  f i s h  r e s o u r c e s  i s  v i a  t h e  e f f e c t s  o f  o i l  o n  f i s h  e g g s  a n d  l a r v a e .

T h e s e  e f f e c t s  w o u l d  b e  d e l a y e d  s e v e r a l  y e a r s  a n d  e n t i r e l y  m a s k e d  b y  n a t u r a l

f l u c t u a t i o n s  o f

c l a s s e s  o f  f i s h

D a v e n p o r t  ( ’

r e c r u i t m e n t , a n d  c o m p e n s a t e d  b y  t h e  p r e s e n c e  o f  s e v e r a ’

i n  e x p l o i t a b l e  p a r t s  o f  t h e  s t o c k s .

9 8 2 )  r e p o r t e d  t h a t  f i e l d  s t u d i e s  h a v e  r e v e a l e d  n o  l a s t

d a m a g e  t o  t h e  planktonic e c o s y s t e m  ( o n e  o f  t h e  f o o d  s o u r c e s  f o r  f i s h )  c a u s e d

y e a r

ng

b y  o i l . C o n a n  ( 1 9 8 2 )  d e s c r i b e d  t h a t  i n  c a s e  o f  catastrophicoil s p i l l s  r e a c h i n g

e s t u a r i e s  ( A m o c o  Cadiz s p i l l ) , t h e  e s t u a r i n e  benthos  w a s  a f f e c t e d  b y  o i l  ( s e e—  —

f u r t h e r  d e t a i l s  i n  L a e v a s t u  a n d  Fukuhara  1985, r e f .  7  i n  S e c t i o n  5 ) ,  w h e r e a s

t h e  r e s i d e n t  f i s h e s  (flatfishes a n d  m u l l e t s )  w e r e  a f f e c t e d  t o  a  m i n o r  d e g r e e

( p o s s i b l e  r e d u c e d  g r o w t h  a n d  f e c u n d i t y ,  a n d  s o m e  f i n  r o t ) .
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A

( 1 9 8 2 )

t h o r o u g h  e x a m i n a t i o n  o f  t h e  cil p o l l u t i o n  a n d  f i s h e r i e s  b y  M c I n t y r e

c o n c l u d e s  t h a t  n o  l o n g - t e r m  a d v e r s e  e f f e c t s  o n  f i s h  s t o c k s  c a n  b e

a t t r i b u t e d  t o  o i l . T h e r e  m i g h t  b e ,  h o w e v e r , s o m e  l o c a l  i m p a c t s ,  s u c h  a s  i n

e s t u a r i e s  a s  r e p o r t e d  b y  C o n a n  (~. c i t . ) .

T h e  r e s u l t s  r e p o r t e d  i n  t h i s  s u m m a r y  a r e  t h e  v e r y  f i r s t  a t t e m p t s  t o

c o m p r e h e n s i v e l y  e s t i m a t e  t h e  p o s s i b l e  a d v e r s e  e f f e c t s  t o  t h e  e a s t e r n  B e r i n g

S e a  e n v i r o n m e n t  a n d  b i o t a  c a u s e d  b y  s p i l l s  o f  p e t r o l e u m  o f  s p e c i f i e d  c o m p o s i t i o n

a n d  v o l u m e  a t  d e s i g n a t e d  s p i l l  s i t e s . T h e  l i s t  o f  t h e  r e p o r t s  r e s u l t i n g  from

t h i s  s t u d y  i s  p r e s e n t e d  i n  S e c t i o n  5 .

3. METHODS AND DATA USED IN PRESENT STUDY

3.1 N u m e r i c a l  m e t h o d s .

3 . 1 . 1  O i l  i n  t h e  w a t e r .

T h e  c o m p u t a t i o n s  o f  t h e  d i s t r i b u t i o n  o f  o i l  f r o m  t h e  t h r e e  s i t e s  o f

h y p o t h e t i c a l  w e l l  b l o w o u t s  a n d  t a n k e r  a c c i d e n t s  ( s e e  S e c t i o n  1 . 2  and Fig. 1)

w e r e  c a r r i e d  o u t  b y  R a n d  C o r p o r a t i o n  ( L i u  a n d  P e l t o n  1984Ms, M a n n e n  a n d

Pelto 1984). T h e  d i s s o l u t i o n  a n d  d i s p e r s i o n  o f  o i l  i n  t h e  w a t e r  w a s  b a s e d

o n  s t u d i e s  b y  P a y n e ,  Kirsten, McNabb, L a m b a c h ,  d e  0 1  i v e r a ,  J o r d a n ,  a n d  H o r n

1 9 8 3 ;  a n d  P a y n e  a n d  K i r s t e n  198sMs.

T h e  p r e s e n c e  a n d  d i s t r i b u t i o n  o f  o i l  cn t h e  s u r f a c e  i n  o f f s h o r e  a r e a s  h a s

n o  c o n s e q u e n c e s  t o  f i s h  o r  f i s h e r i e s . A n y  a r e a  c l o s u r e  f o r  f i s h i n g  w i l l  b e

d e t e r m i n e d  b y  t h e  a r e a  w h e r e  c o n t a m i n a t e d  f i s h  c a n  b e  f o u n d ,  w h i c h  i s

c o n s i d e r a b l y  l a r g e r  t h a n  t h e  o i l  d i s t r i b u t i o n  a r e a  o n  t h e  s u r f a c e  ( s e e
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S e c t i o n  4 . 3 ) . O b v i o u s l y  i n  s o m e  c o n d i t i o n s  o i l  o n  t h e  s u r f a c e  c o u l d  b e  b e a c h e d ,

w h e r e  i t  w i l l  b e  o f  local c o n c e r n . A l t h o u g h  s o m e  m a r i n e  b i r d s  a n d  m a m m a l s  c o u l d

b e  a f f e c t e d  ( a n d  k i l l e d )  b y  s u r f a c e  o i l , t h e s e  kills a r e  r e l a t i v e l y  s m a l l  i n

o f f s h o r e  w a t e r s  ( m o s t  b i r d s  a n d  m a m m a l s  h a v e  a v o i d a n c e  r e a c t i o n s ) ,  c o m p a r e d  t o

t h e  g r e a t  a m o u n t s  o f  b i r d s  a n d  m a m m a l s  p r e s e n t  i n  t h e  B e r i n g  S e a . Some

f i s h e r i e s  i n t e r e s t s  c o n s i d e r  i t  b e n e f i c i a l  f o r  f i s h e r i e s  i f  t h e  b i r d s  a n d

m a m m a l s  g e t  d e c i m a t e d .

T h e  m a x i m u m  c o n c e n t r a t i o n s  o f  o i l  i n  w a t e r  (WSF, i n c l u d i n g  s o l u b l e  a n d

e m u l s i f i e d  o i l )  w a s  <0.34 p p m  f r o m  t h e  b l o w o u t  s c e n a r i o s . T h e s e  l o w  c o n c e n -

t r a t i o n s  c o r r e s p o n d  w e l l  t o  o b s e r v e d  c o n c e n t r a t i o n s  f r o m  IXTOC blowout.

Grahl-Nielsen et al. (1976) also observed low concentrations of oil under

t h e  o i l  s l i c k  (O.450 p p m  1  m  u n d e r  o i l  s l i c k  a f t e r  8 t o  9  h o u r s ;  0.01 p p m

a f t e r  2 4  h o u r s ) . A n  e x a m p l e  o f  d i s t r i b u t i o n  o f  o i l  f r o m  a b l o w o u t  s c e n a r i o  i s

s h o w n  i n  F i g u r e  2 .

T h e  m a x i m u m  c o n c e n t r a t i o n s  f r o m  t h e “ t a n k e r  a c c i d e n t ”  wer= h i g h e r  (ca 9 ppm),

m a i n l y  b e c a u s e  r e f i n e d  d i e s e l  o i l  w a s  c o n s i d e r e d  t o  b e  i n v o l v e d . T h e  a r e a s

c o v e r e d  b y  d i f f e r e n t  c o n c e n t r a t i o n s  a r e  r e p o r t e d  b y  Pola, Miyahara, a n d  G a l l a g h e r

198s ( s e e  r e f .  1 0 ,  S e c t i o n  5 ) .

3 . 1 . 2  O i l  o n  t h e  b o t t o m .

A f t e r  “ w e a t h e r i n g ” i n  t h e  w a t e r  m u c h  o f  t h e  r e s i d u a l  o i l  p r e c i p i t a t e s  t o

t h e  b o t t o m . G e a r i n g  a n d  G e a r i n g  ( 1 9 8 3 )  f o u n d  t h a t  a b o u t  5 0 %  o f  a r o m a t i c s  w i t h

t h r e e  o r  m o r e  r i n g s and s a t u r a t e s  w i t h  1 0  o r  m o r e  c a r b o n  a t o m s  w e r e  r a p i d l y

t r a n s p o r t e d  t o  t h e  s e d i m e n t s  w h e r e  t h e i r  h a l f  lives r a n g e d

I n  s h a l l o w  w a t e r  t h e  c o n c e n t r a t i o n  o f  o i l  i n  m u d d y  b o t t o m s

(Marchand,  Capris 1 9 8 2 )  .

f r o m  3 3  t o  8 0  d a y s .

m i g h t  r e a c h  1 0 0  p p m
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T h e  a v a i l a b l e  l i t e r a t u r e  o n  t h e  s e d i m e n t a t i o n  o f  o i l  and t h e  e f f e c t s  o f

o i l  o n  t h e  b o t t o m  o n  t h e  b e n t h o s  a n d  d e m e r s a l  f i s h  w a s  r e v i e w e d  a n d  a

n u m e r i c a l  m o d e l  f o r  s e d i m e n t a t i o n  o f  o i l  was d e s i g n e d  (Laevastu  a n d  F u k u h a r a

1985) . T h i s  model a c c o u n t s  q u a n t i t a t i v e l y  f o r  a l l  f a c t o r s  a f f e c t i n g  t h e  o i l

s e d i m e n t a t i o n  ( s e e  e x a m p l e  i n  F i g u r e  3 ) .

I n i t i a l l y  t h e  w e a t h e r e d  s e d i m e n t i z e d  o i l  a c c u m u l a t e s  i n  t h e  n e a r - b o t t o m

nepheloid l a y e r . T h e  e x i s t e n c e  a n d  t h i c k n e s s  o f  this l a y e r  i s  d e p e n d e n t  o n

s e v e r a l  e n v i r o n m e n t a l  f a c t o r s ,  s u c h  a s  w a t e r  d e p t h ,  n a t u r e  o f  t h e  b o t t o m ,

a n d  w a t e r  m o v e m e n t  o v e r  t h e  b o t t o m .

W e a t h e r e d  o i l  i s  n o  longer d i r e c t l y  p o i s o n o u s  t o  o r g a n i s m s  a n d  i s  t a k e n

u p  b y  benthos a n d  v i a  benthic f o o d  a l s o  b y  f i s h ,  c a u s i n g  t a i n t i n g  i n  f i s h .

T h e s e  t a i n t i n g  e f f e c t s  b y  s e d i m e n t i z e d  o i l  a r e  c o n s i d e r a b l y  l a r g e r  t h a n  t h e

t a i n t i n g  f r o m W S F  o f  o i l . T a i n t i n g  i s  a  t e m p o r a r y  c o n d i t i o n ,  a s  m o s t

p e t r o l e u m  h y d r o c a r b o n s  a r e  d i s s e m i n a t e d  f r o m  t h e  b o d y  b y  v a r i o u s  m e a n s  ( s e e

G a l l a g h e r  a n d  P o l a  1 9 8 4 ,  r e f .  5 ,  S e c t i o n  5 ) . T h e  m a i n  e f f e c t s  o f  t a i n t i n g

w o u l d  b e  a  n e c e s s a r y  a r e a  c l o s u r e  f o r  f!sheries ( s e e  S e c t i o n  4 . 3 ) .

3 . 1 . 3  U p t a k e  a n d  d i s s e m i n a t i o n  o f  p e t r o l e u m  h y d r o c a r b o n s  by f i s h .

A f t e r  an e x t e n s i v e  r e v i e w  o f  l i t e r a t u r e  on u p t a k e  a n d  d i s s e m i n a t i o n  o f

p e t r o l e u m  h y d r o c a r b o n s  a  n u m e r i c a l  m o d e l  w a s  d e s i g n e d  w h i c h  a c c o u n t s  f o r

u p t a k e ,  bioaccumulation, a n d  d i s s e m i n a t i o n  o f  p e t r o l e u m  h y d r o c a r b o n s

( G a l l a g h e r  a n d  P o l a  1 9 8 4 ,  Pola 1984, a n d  G a l l a g h e r  1 9 8 4  r e f s .  5 ,  3 ,  4  i n

S e c t i o n  5 ) . T h i s  m o d e l  a c c o u n t s  f o r  s p e c i e s  d i f f e r e n c e s  d u e  t o  e . g .  f e e d i n g

h a b i t s  b y  a s s i g n i n g  differe~t u p t a k e  a n d  d e p u t a t i o n  r a t e  c o n s t a n t s  t o  d i f f e r e n t

s p e c i e s . T h e  m o d e l  w a s  t e s t e d  v i a  s e n s i t i v i t y  a n a l y s e s  w i t h  t h e  b e s t  a v a i l a b l e

e m p i r i c a l  d a t a .
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3 - - D i s t r i b u t i o n  o f  o i l  i n  t h e  b o t t o m  n e p h e l o i d  l a y e r  ( 1 0  cm)

i n  p p b  1 0  d a y s  a f t e r  a  w e l l  b l o w o u t  ( s e e  F i g u r e  2 ) ;

g r i d  s i z e  2  km).



A n o t h e r  c o m p a n i o n  m o d e l  m o v e s  t h e  f i s h  t h r o u g h  t h e  o i l - c o n t a m i n a t e d  a r e a

i n  v a r i o u s  d i r e c t i o n s  a n d  w i t h  s e l e c t e d  p l a u s i b l e  f i s h  m i g r a t i o n  s p e e d s .

D u r i n g  t h e  m i g r a t i o n s  t h e  u p t a k e  a n d  d i s s e m i n a t i o n  m o d e l  c o m p u t e s  t h e

c o n t a m i n a t i o n  of f i s h  b y  h y d r o c a r b o n s . T h u s  t h e  a r e a s  a n d  t i m e s  o f  possible

f i s h e r y  c l o s u r e  r e s u l t i n g  f r o m  a  g i v e n  a c c i d e n t  c a n

4 . 3 ) .

A s  t h e  anadromous  f i s h  ( s a l m o n )  p o s e  s o m e w h a t  d ’

s p e c i a l  m o d e l  w a s  d e v i s e d  f o r  c o m p u t i n g  p o s s i b l e  oi’

b e  a s s e s s e d  ( s e e  S e c t i o n

f f e r e n t  p r o b l e m s ,  a

c o n t a m i n a t i o n  e f f e c t s

o n  m i g r a t i n g  s a l m o n  ( s m e l t s  a n d  a d u l t s )  ( B a x  198s, ref .  8  in S e c t i o n  5)

( r e s u l t s  s e e  S e c t i o n  4 . 4 ) .

3 . 2  D a t a .

3.Z.l E n v i r o n m e n t a l  d a t a  p e r t a i n i n g  t o  o i l  d e v e l o p m e n t  -  f i s h e r i e s

i n t e r a c t i o n s .

F e w  e n v i r o n m e n t a l  d a t a  a r e  r e q u i r e d  f o r  t h e  e v a l u a t i o n  o f  t h e  e f f e c t s  o f

o i l  d e v e l o p m e n t  o n  f i s h e r i e s . T h e  d i s t r i b u t i o n  o f  o i l  i n  t h e  w a t e r  a n d  o n  t h e

b o t t o m  w a s  c o m p u t e d  w i t h  w i n d  a n d  t i d e  c o n d i t i o n s  w h i c h  g a v e  m a x i m u m  c o n c e n t r a t i o n s

o f  o i l  i n  t h e  w a t e r  a n d  o n  t h e  b o t t o m . F o r  c o m p u t a t i o n  o f  oil o n  t h e  b o t t o m

o p t i m u m  s u s p e n d e d  m a t t e r  l o a d ,  b o t t o m  t y p e , a n d  m i x e d  l a y e r  d e p t h  w a s  a s s u m e d

w h i c h  w o u l d  g i v e  M E C  c o n d i t i o n s . S o m e  o t h e r  e n v i r o n m e n t a l  d a t a  i s  l o c a t i o n  a n d

s e a s o n  d e p e n d e n t . T h e  e s s e n t i a l  e n v i r o n m e n t a l  d a t a  w e r e  s u m m a r i z e d  b y

M i y a h a r a  a n d  Ingraham 1 9 8 4  ( r e f .  6  i n  S e c t i o n  5 ) .
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3.2.2 Fishery resources, their fluctuations, and fish

s p e c i e s  w h i c h  m i g h t  b e  a f f e c t e d  b y  a n  o i l  s p i l l .

T h e  f i s h e r y  r e s o u r c e s  i n  t h e  e a s t e r n  B e r i n g  S e a

s e a s o n a l  a n d  life c y c l e  m i g r a t i o n s . T h u s  t h e  t o t a l

a n d  t h e i r  s e a s o n a l  d i s t r i b u t i o n s  m u s t  b e  c o n s i d e r e d

a r e  m o b i l e ,  w i t h  e x t e n s i v e

B e r i n g  S e a  r e s o u r c e s

w h i l e  i n v e s t i g a t i n g  t h e

e f f e c t s  o f  o i l  d e v e l o p m e n t . F u r t h e r m o r e , t h e  n a t u r a l  f l u c t u a t i o n s  o f  t h e

s t o c k s  m u s t  b e  t a k e n  i n t o  c o n s i d e r a t i o n , t o g e t h e r  w i t h  m a n y  s p e c i e s  s p e c i f i c

b e h a v i o r s .

T h e  r e s o u r c e  e s t i m a t e s , u s i n g  p r e s e n t l y  e x i s t i n g  s u r v e y  m e t h o d s ,  a r e  r a t h e r

i n a c c u r a t e , u s u a l l y  g r o s s  u n d e r e s t i m a t e s , b u t  a l s o  o v e r e s t i m a t e s  i n  c a s e  o f

s o m e  f l a t f i s h e s  ( i . e .  “ h e r d i n g ”  e f f e c t s  o f  t r a w l s ] . R e s o u r c e  e v a l u a t i o n  w i t h

e c o s y s t e m  s i m u l a t i o n  m o d e l s ,  w h i c h  a c c o u n t  f o r  a  n u m b e r  o f  rescurce d e t e r m i n a n t s ,

p r o d u c e s  c o n s i d e r a b l y  m o r e  a c c u r a t e  r e s u l t s  a n d  h a s  b e e n  u s e d  i n  t h e  p r e s e n t

s t u d y .

A  l i s t  o f  s p e c i e s  a n d  t h e i r  d e n s i t i e s  (kg/km2) L!sed i n  t h e  t h r e e  o i l  s p i l l

s c e n a r i o  a r e a s  ( F i g u r e  1 )  i s  g i v e n  i n  T a b l e  2 . T a b l e  3  g i v e s  t h e  s p e c i e s

p r e s e n t  i n  t h e  t h r e e  c o m p u t a t i o n  a r e a s  a s  p e r c e n t a g e  o f  t o t a l  B e r i n g  S e a

biomasses  o f  c o r r e s p o n d i n g  s p e c i e s . T h e  feed?ng  h a b i t s  o f  t h e  s p e c i e s  u n d e r

c o n s i d e r a t i o n  h a v e  b e e n  d e s c r i b e d  b y  L i v i n g s t o n  1985 ( r e f .  1 2 ,  S e c t i o n  5 ) .

I n  a d d i t i o n  t h e  b i o l o g y  a n d  e c o l o g y  o f  t h e  m o s t  i m p o r t a n t  c o m m e r c i a l  s p e c i e s

i n  t h e  a r e a  h a v e  b e e n  s u m m a r i z e d  b y  F r e d i n  1985, F u k u h a r a  1985a a n d  1985b

(refs. 9 ,  1 3 ,  a n d  1 5 ,  S e c t i o n  5 ) . P e r t i n e n t  b i o l o g y ,  e c o l o g y ,  a n d  r e s o u r c e

f l u c t u a t i o n s  d a t a  o n  s o c k e y e  s a l m o n  h a v e  b e e n  s u m m a r i z e d  b y  B a x  1 9 8 5  ( r e f .  8 ,

S e c t i o n  5 ) .

O f  s o m e  p e r t i n e n c e  t o  t h e  e v a l u a t i o n  o f  t h e  o i l  d e v e l o p m e n t  i m p a c t s  m i g h t

b e  t h e  f o l l o w i n g  g e n e r a l i z e d  d a t a . T h e  B r i s t o l  B a y  a r e a  ( w h e r e  o i l  d e v e l o p m e n t
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T a b l e  2 - - L i s t  o f  s p e c i e s  a n d  i n p u t  b i o m a s s  d a t a  ( b y  l o c a t i o n )  u s e d  i n  BIOS~’
model .

S p e c i e s Input Biomass Data (kg/km2) ~’
No. Name Port Moller Port Heiden Cape Newenham

1  H e r r i n g  j u v e n i l e s 1409 521 1551
2  H e r r i n g  a d u l t s 1121 4 1 4 1234
3  Pollock j u v e n i l e s 3 7 0 8 2 3 2 2 3261
4  Pollock a d u l t s 1 1 0 0 7 6 8 9 3 9 6 7 9
5
6

.;
9

10
11
12
13

P a c i f i c  c o d  j u v e n i l e s
H a l i b u t  j u v e n i l e s
Yellowfin s o l e  j u v e n i l e s
O t h e r  flatfish j u v e n i l e s
Yellowfin s o l e  a d u l t s
O t h e r  f l a t f i s h  a d u l t s
P a c i f i c  c o d  a d u l t s
K i n g  a n d  B a i r d i  c r a b  j u v e n i l e s
K i n g  a n d  B a i r d i  c r a b  a d u l t s

4 2 4
7 3 0
7 2 2

2 0 0 4
8 0 0

2 0 0 4
861
6 6 4

1 6 5 4

2 7 9
3 3 0
4 8 2
4 7 2
5 3 4
4 7 2
461
2 2 2
5 5 3

3 0 7
2 4 0
711

1650
789

1650
681
4 3 2

1 0 7 8
1 4  M o b i l e  epifauna 5 9 7 0 4 9 9 5 6 0 7 5
1 5  Sessile epifauna 1 3 9 3 0 11655 14175
1 6  lnfauna 1 9 1 5 0 13750 19250 ,

1 /  T h e  DYNUMES m o d e l  (Laevastu a n d  L a r k i n s , 1 9 8 1 )  w a s  u s e d  t o  g e t  i n i t i a l  e s t i m a t e s,—
o f  i n p u t  b i o m a s s  d a t a  f o r  t h e  t h r e e  m o d e l  l o c a t i o n s  o f  t h e  B I O S  m o d e l .

2 /  T h e  f o l l o w i n g  a s s u m p t i o n s  w e r e  u s e d  t o  c o n v e r t  t h e  d a t a  o b t a i n e d  f r o m  t h e—
DYNUMES m o d e l  t o  b i o m a s s  f i e l d s  f o r  u s e  i n  t h e  B I O S  m o d e l .

a ) U n l e s s  n o t e d  d i f f e r e n t l y  b e l o w , t h e  b r e a k d o w n  o f  s p e c i e s  b i o m a s s  d a t a
i n t o  j u v e n i l e  a n d  a d u l t  f r a c t i o n s  w a s  b a s e d  o n  Niggol  ( 1 9 8 2 ) .

b )  DYNUMES s p e c i e s  g r o u p  5  ( h a l i b u t )  w a s  a s s u m e d  t o  b e  100% j u v e n i l e  ( i . e . ,
i n  t h e s e  s h a l l o w  w a t e r s  d u r i n g  t h i s  s e a s o n ) .

c ) Y e l  l o w f i n  s o ’
7  (yel lowfin

d )  DYNUMES s p e c
1 0 0 %  P a c i f i c

e  d a t a  w e r e  a s s u m e d  t o  c o m p r i s e  7 5 %  o f  DYNUMES s p e c i e s  g r o u p
a n d  r o c k  s o l e ) .

e s  g r o u p  1 3  ( P a c i f i c  a n d  s a f f r o n  c o d )  w a s  a s s u m e d  t o  b e
cod .

e) DYNUMES s p e c i e s  g r o u p s  7  ( r o c k  s o l e - 2 5 % ) ,  6  (flathead sole, f l o u n d e r ) ,
a n d  8  ( o t h e r  flatfish) w e r e  c o m b i n e d  t o  m a k e  u p  t h e  o t h e r  f l a t f i s h  g r o u p
( s p e c i e s  8  a n d  9 )  f o r  t h e  B I O S  m o d e l . T h e s e  g r o u p s  w e r e  a s s u m e d  t o  b e
e q u a l l y  d i v i d e d  b e t w e e n  j u v e n i l e s  a n d  a d u l t s .

f) DYNUMES s p e c i e s  g r o u p s  19 ( k i n g  c r a b )  a n d  2 0  ( T a n n e r  c r a b )  w e r e  c o m b i n e d ,
a n d  u s i n g  a v a i l a b l e  s u r v e y  d a t a , assumed to be comprised of 71.4% adults
and 28.6% juveniles.

g) DYNUMES s p e c i e s  g r o u p  2 4  (epifauna) w a s  a s s u m e d  t o  b e  3 0 %  m o b i l e  a n d
7 0 %  sessi le.
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Table 3 . - - P e r c e n t  o f  B e r i n g  S e a  b i o m a s s  ( f r o m  DYNUMES m o d e l )  i n  b l o w o u t  a n d
a c c i d e n t  s c e n a r i o  s t u d y  a r e a s .

L o c a t i o n

S p e c i e s  ( g r o u p ) P t .  Moller P t .  H e i d e n C. Newenham

1
2

i
5
6

i
9

10
11
12

13

14
15
16

H e r r i n g ,  j u v e n i l e s
H e r r i n g ,  a d u l t s
Pol l o c k ,  j u v e n i l e s
Pollock, a d u l t s
P a c i f i c  c o d ,  j u v e n i l e s
H a l i b u t ,  j u v e n i l e s
Yei lowfin s o l e ,  j u v e n i l e s
O t h e r  f l a t f i s h ,  j u v e n i l e s
Yellowfin s o l e ,  a d u l t s
O t h e r  flatfish, a d u l t s
P a c i f i c  c o d ,  a d u l t s
K i n g  a n d  B a i r d i  c r a b ,

j u v e n i l e s
K i n g  a n d  ilairdi c r a b ,

adul ts
M o b i l e  epifauna
Sessile e p i f a u n a
I nfauna

0 . 5 0 5
0 . 5 0 5
0 . 4 7 1
0 . 4 7 1
0 . 5 7 7
1 . 2 2 0
0 . 9 0 2
1 . 1 4 1
0 . 9 0 0
1 . 1 4 1
0.577

0 . 8 0 6

0 . 8 0 4
0 . 4 1 6
0 . 4 1 6
0 . 6 0 4

0 . 1 8 7
0 . 1 8 7
0 . 2 9 5
0.295
0.379
0 . 5 5 1
0 . 6 0 2
0 . 8 3 8
0 . 6 0 1
0 . 8 3 8
0 . 3 0 9

0 . 2 6 9

0 . 2 6 8
0 . 3 4 8
0 . 3 4 8
0 . 4 3 3

0 . 5 5 6
0 . 5 5 6
0 . 4 1 4
0 . 4 1 4
0 . 4 1 8
0 . 4 0 1
0 . 8 8 8
0 . 9 3 9
0 . 8 8 8
0 . 9 3 9
0 . 4 5 6

0 . 5 2 4

0 . 5 2 4
0 . 4 2 4
0 . 4 2 4
0 . 6 0 7
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m i g h t  o c c u r )  i s  ca 2 5 0 , 0 0 0

S e a  i s  a b o u t  4 0 0 , 0 0 0  k m2 .

m i g h t  c o n t a i n  a b o u t  8 0 %  o f

k m  a n d  t h e  r e s t  o f  t h e  f i s h e r y  a r e a  i n  t h e  B e r i n g

H o w e v e r ,  a t  s o m e  d e f i n e r !  s e a s o n s  B r i s t o l  B a y

c r a b  r e s o u r c e s ,  7 0 %  o f  h e r r i n g ,  7 0 %  o f  yellowfin

a n d  hal ibut, 6 0 %  o f  c o d ,  a n d  SO% o f  o t h e r  f i s h  r e s o u r c e s  o f  t h e  I?ering S e a .

T h e s e  h i g h  p e r c e n t a g e s  d o  n o t , h o w e v e r ,  o c c u r  a t  t h e  s a m e  t i m e .

4 . RESULTS OF QUANTITATIVE EVALUATION OF FISHERIES - OIL DEVELOPMENT

INTERACTIONS.

ft.1 P o s s i b l e  e f f e c t s  o n  eggs a n d  l a r v a e .

E g g s  a n d  l a r v a e  o f  m a r i n e  a n i m a l s  a r e  m o s t  s e n s i t i v e  t o  d i s s o l v e d  a n d

e m u l s i f i e d  oil (WSF)  i n  t h e  w a t e r . T h e  m o r t a l i t i e s  a n d  s e r i o u s  s u b l e t h a l

e f f e c t s  s t a r t

T h e  a r e a s

s u b s t a n t i a l  b “

a n  unl

a l m o s t

( T a b l e

a t  c o n c e n t r a t i o n  o f  c a  1 0 0  p p b .

c o v e r e d  w i t h  W S F  >100 p p b  a r e  r e l a t i v e l y  small i n  c a s e  o f  a

o w o u t  l a s t i n g  1 5  d a y s  (<1S0 k m2 , T a b l e  4 ) . E v e n  i n  c a s e  o f  s u c h

k e l y  e v e n t  a s  2 0 0 , 0 0 0  t  t a n k e r  a c c i d e n t  w i t h  diesel f u e l  ( r e l e a s e d

n s t a n t a n e o u s l y )  , t h e  a r e a  c o v e r e d  b y  t h i s  c o n c e n t r a t i o n  i s  <1200 k m2

4) .

M o s t  m a r i n e  f i s h  s p a w n  o v e r  r e l a t i v e l y  l a r g e  a r e a s ,  a n d  t h e  p e l a g i c  e g g s

a n d  l a r v a e  a r e  d i s t r i b u t e d  w i t h  c u r r e n t s  a n d  t u r b u l e n c e  o v e r  v e r y  l a r g e  a r e a s .

F u r t h e r m o r e , t h e  s p a w n i n g  o f  m o s t  m a r i n e  f i s h  l a s t s  t h r e e  t o  s i x  m o n t h s ,  w i t h

p e a k  s p a w n i n g  l a s t i n g  a l s o  i n  e x c e s s  o f  t h r e e  w e e k s .

O f  t h e  s p e c i e s  s t u d i e d , t h e  s p a w n i n g  o f  yel lowfin s o l e  a n d  i t s  e g g s  a n d

l a r v a e  w e r e  f o u n d  m o s t  a f f e c t e d  b y  t h e  s i m u l a t e d  b l o w o u t  a n d  t a n k e r  a c c i d e n t s

i n  B r i s t o l  B a y . ( C o a s t a l  s p a w n i n g  o f  h e r r i n g  a n d  capelin w a s  n o t  c o n s i d e r e d
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T a b l e  4 . - - M a x i m u m  s p a t i a l  c o v e r a g e  ( k m * )  a n d  m a x i m u m  d u r a t i o n  ( d a y s )  o f  v a r i o u s  l e v e l s  o f  o i l  i n  w a t e r

(WSF)  a n d  i n  b o t t o m  nepheloid l a y e r  ( T A R S )  a t  d i f f e r e n t  c o n c e n t r a t i o n s  a t  P o r t  H e i d e n .

O i l A c c i d e n t B 10WOU t

c o n e . WS F TARS
(ppm)

WS F TARS
a r e a d u r a t i o n a r e a d u r a t i o n a r e a d u r a t i o n a r e a d u r a t i o n

>1.() 3 8 0 13 7 5 2 3 3 0 0 0 0

>().] 1160 21 1548 > 5 0 132 12 248 24

>().()1 1844 2 8 2 1 4 0 >50 4 4 4 2 0 4 6 0 4 3

>0.()()1 2 4 8 o 3 6 2 5 6 0 >50 6 1 6 2 7 6 5 2 > 5 0



in t h i s  s t u d y  a n d  s a l m o n  i s  d e s c r i b e d  i n  S e c t i o n  4 . 4 ) .  I f  a l l  ye?lowfin s o l e

w o u l d  s p a w n  w i t h i n  t w o  w e e k s  a n d  t h i s  s p a w n i n g  w o u l d  c o i n c i d e  w i t h  t h e  v e r y

u n l i k e l y  t a n k e r  a c c i d e n t , o n l y  1 . 2  p e r c e n t  o f  yellowfin e g g s  a n d  l a r v a e  w o u l d

b e  k i l l e d  ( T a b l e  5 ) .  H o w e v e r , t h e  yellowfin s o l e  s p a w n i n g  p e r i o d  i s  a b o u t

f i v e  t i m e s  l o n g e r  t h a n  t h a t  u s e d  f o r  t h e  s i m u l a t e d  a c c i d e n t - - t h u s  l e s s  t h a n

0 . 3  p e r c e n t  o f  yellowfin e g g s  a n d  l a r v a e  w o u l d  b e  a f f e c t e d .  T h e  f r a c t i o n  o f

e g g s  a n d  l a r v a e  o f  o t h e r  f i s h  s p e c i e s  t h a t  w o u l d  b e  k i l l e d  i s  l e s s  t h a n  t h i s

f r a c t i o n .

T h e  n a t u r a l  m o r t a l i t y  o f  f i s h  e g g s  a n d  l a r v a e  i s  v e r y  l a r g e  ( t h e  r e d u c t i o n

i n  n u m b e r s  f r o m  e g g s  t o  s p a w n i n g  a d u l t s  i s  i n  g e n e r a l  f r o m  b e t w e e n  2 , 0 0 0 , 0 0 0

t o  2 ,  t o  5 0 , 0 0 0  t o  2 ) .  F u r t h e r m o r e , i f  c o n s i d e r a b l e  m o r t a l i t y  w o u l d  o c c u r

d u e  t o  a n  e x t e n s i v e  o i l  s p i l l , t h i s  w o u l d  n o t  a f f e c t  t h e  f i s h e r y  r e s o u r c e s ,

a s  t h e  e x p l o i t a b l e  s t o c k s  a r e “ b u f f e r e d ”  b y  t h e  p r e s e n c e  o f  s e v e r a l  yearclasses

(Honkalehto 1 9 8 5 ,  r e f .  1 1 ,  S e c t i o n  5 ) .  C o n s e q u e n t l y  t h e  p o s s i b l e  o i l  d e v e l o p m e n t s

i n  B r i s t o l  B a y  w o u l d  h a v e  n o  e f f e c t s  o n  f i s h e r y r e s o u r c e s  i n  t h i s  a r e a  v i a

e f f e c t s  o n  e g g s  a n d  l a r v a e . S i m i l a r  c o n c l u s i o n  w a s  r e a c h e d  b y  J~rvela,

T h o r s t e i n s o n , a n d  P e ? t o  ( 1 9 8 4 )  i n  r e s p e c t  t o  N a v a r i n  B a s i n . F u r t h e r  d e t a i l e d

c o n s i d e r a t i o n s  o n  t h i s  s u b j e c t  a r e  g i v e n i n  r e p o r t s  b y  F r e d i n  (1985) a n d

Fukuhara  ( 1 9 8 5 a ,  b ,  r e f .  9 ,  1 3  a n d  1 5  i n  S e c t i o n  5 ) .

4 . 2  E x p o s u r e  a n d  c o n t a m i n a t i o n

T h e  l e t h a l  e f f e c t s  o f  WSF o f  oi’

I n  p r e s e n t  s t u d i e s  w e  h a v e  u s e d  t h e

o f  f i s h  by h y d r o c a r b o n s .

o n  f i s h  c o m m e n c e  i n  t h e  1  t o  1 0  p p m  r a n g e .

l o w e r  va?ue ( 1  ppm) t o  a c h i e v e  MEC

( M a x i m u m  E f f e c t  C o n d i t i o n ) . T h e  m a x i m u m  a r e a s  c o v e r e d  w i t h  d i f f e r e n t  r a n g e s

o f  c o n c e n t r a t i o n s  ( b l o w o u t  a n d  t h e  u n r e a l i s t i c a l l y  l a r g e  tanker a c c i d e n t )  a r e

2 7



Table 5--- Estimated percentage of mortality from acute toxicity in yellowfin
sole in the accident scenarios at Port Moller, Port Heiden and
Cape Newenham by life history group and quarter.

A. Percentage Mortality at Port Moller or Port Heiden Spill Sites
QUARTERS 1 2 3 4
STAGE WSF TARS WSF TARS WSF TARS WSF TARS

EGGS & LARVAE o 0 0 0 0 0 0 0

JUVENILES .03 . 1 5 ● 0 3 , 1 5 . 0 3 . 1 5 ● 0 3 . 1 5

ADULTS o 0 . 0 3 . 1 5 . 0 3 . 1 5 0 0

B. Percentage Mortality at Cape Newenham Spill Site

EGGS & LARVAE o 0 0 0 1 . 2 0 0 0

JUVENILES . 0 3 . 1 5 . 0 3 . 1 5 . 0 3 . 1 5 . 0 3 . 1 5

ADULTS o 0 ● 0 3 . 1 5 . 0 3 . 1 5 0 0
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g i v e n  i n  T a b l e  4 . i n  e v a l u a t i n g  t h e  e f f e c t s  ( l e t h a l  a n d  s e r i o u s  s u b l e t h a l )

w e  h a v e  a l s o  a s s u m e d  t h a t

in excess of 5 ppm affect

somewhat excessive accord’

absolute MEC.

D e t a i l e d  c o m p u t a t i o n s

c o n c e n t r a t i o n s  o f  w e a t h e r e d  o i l  o n  t h e  b o t t o m  ( t a r s )

t h e  j u v e n i l e  a d u l t  f i s h . T h i s  a s s u m p t i o n  i s

ng to ava’

were made

t e c h n i c a l  r e p o r t s  ( s e e  S e c t i o n  5 ) .

lable l i t e r a t u r e ,  b u t  w o u l d  g i v e  a n

with the models and results given in

F o r  s u m m a r y  c o n s i d e r a t i o n s  w e  c a n  u s e  a

s i m p l i f i e d  a p p r o a c h  b y  c o n s i d e r i n g  r?ata i n  T a b l e  4  a n d  F i g u r e  4  w i t h  t h e  d a t a

in Table 2 which gives the amounts of species present in the three computation

areas (Figure 1) and the fraction of this biomass of the total species biomass

in the eastern Bering Sea (Table 3) (most species have only one stock in this

sea) .

O f  t h e  s p e c i e s  c o n s i d e r e d  i n  t h i s  s t u d y ,  yellowfin sole a n d  k i n g  c r a b

w e r e  f o u n d  t o  b e  m o s t  a f f e c t e d  b y  t h e  h y p o t h e t i c a l  o i l  spill ( s a l m o n  s e e

S e c t i o n  4 . 4 ) . A  s u m m a r y  o f  t h e  p o s s i b l e  l e t h a l  e f f e c t s  o f  t h e  spills o n

yeliowfin scle a r e  g i v e n  i n  T a b l e  5 .

T h e  e x t e n s i v e  w e l l  b l o w o u t  w o u l d  k i l l  a n d / o r  s e r i o u s l y  a f f e c t  o n l y  0 . 0 3

percent  o f  yel lowfin (and crab) population in the eastern Bering Sea, which

is nearly three orders of magnitude less than the accuracy of resource

estimates. Thus an extensive blowout would have no quantifiable effect on

o f f s h o r e  f i s h e r y r e s o u r c e s  i n  t h e  e a s t e r n  B e r i n g S e a .

A n  u n n a t u r a l l y  l a r g e  t a n k e r  a c c i d e n t  a s  u s e d  i n  o u r  s c e n a r i o s  m i g h t  k i l l

o r  o t h e r w i s e  s e r i o u s l y  a f f e c t  0.1!5  p e r c e n t  o f  t h e  a d u l t  yellowfin p o p u l a t i o n .

T h i s  a m o u n t  i s  a b o u t  t w o  o r d e r s  o f  m a g n i t u d e  less t h a n  t h e  a c c u r a c y  o f  r e s o u r c e

e s t i m a t e , a n d  a t  p r e s e n t  l e s s  t h a n  2  p e r c e n t  o f  t h e  catch--i.e. a b o u t  a n

2 9
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o r d e r  o f  magnttude l e s s  t h a n  t h e  e r r o r  i n  t h e  e s t i m a t i o n  o f  c a t c h . H o w e v e r ,

a  0 . 1 5  p e r c e n t  f l u c t u a t i o n  o f  resrurce w o u l d  h a v e  n o  e f f e c t .  o n  c a t c h  w h a t s o e v e r .

T h u s  e v e n  a  l a r g e ,  u n n a t u r a l  t a n k e r  a c c i d e n t  w o u l d  h a v e  n o  q u a n t i f i a b l e  e f f e c t

o n ’  t h e  o f f s h o r e  f i s h e r y r e s o u r c e s  i n  t h e  e a s t e r n  B e r i n g S e a .

F i s h  c a n ,  h o w e v e r , b e  t e m p o r a r i l y  t a i n t e d  w i t h  p e t r o l e u m  h y d r o c a r b o n s  b y

d i r e c t  e x p o s u r e  a s  w e l l  a s  b y  f o o d  uptake  o f  c o n t a m i n a t e d  f o o d ,  m a i n l y  benthos.

T h e  u p t a k e  o f  p e t r o l e u m  h y d r o c a r b o n s  a n d  t h e i r  d i s s e m i n a t i o n

c o m p u t e d  i n  d e t a i l  w i t h  n u m e r i c a l  m o d e l s  ( G a l l a g h e r  a n d  P o l a

M i y a h a r a ,  a n d  G a l l a g h e r  i$185; refs. 5  a n d  1 0  i n  S e c t i o n  5 ) .

w i t h  t i m e  w a s

1985; pola,

T h e  p e r c e n t a g e

o f  s o m e  biomasses  i n  t h e  c o m p u t a t i o n  a r e a  w i t h  i n t e r n a l  c o n t a m i n a t i o n  o f

> 5  ppm (lower level  o f  tainting) is g i v e n  i n  F i g u r e  5 . T h e s e  v a l u e s  h a v e

m e a n i n g  to f i s h e r i e s  i n  t e r m s  o f  a r e a s  c o v e r e d ,  w h i c h  a r e  g i v e n  i n  T a b l e  6 .

T h e s e  a r e a s  a r e  s i g n i f i c a n t

t h e y  s h o u l d  b e  t e m p o r a r i l y  c ’

b e i n g  c a u g h t  a n d  m a r k e t e d .

4 . 3  E f f e c t s  o f  p o s s i b l e

d u r i n g  a n  a c c i d e n t .

n  t h e  c a s e  o f  t h e  b l o w o u t  a n d / o r  a c c i d e n t  w h e n

o s e d  f o r  f i s h i n g  t o  p r e v e n t  t a i n t e d  f i s h  f r o m

p r e c a u t i o n a r y  m e a s u r e s  i n  o f f s h o r e  a r e a s

T h e  p o s s i b i l i t i e s  o f  c o n t a m i n a t i n g  f i s h i n g  g e a r  w i t h  o i l  i s  o f t e n  rientioned

w h e n  l i s t i n g  t h e  p o s s i b l e  e f f e c t s  o f  o i l  d e v e l o p m e n t s  o n  f i s h e r i e s . W e  c a n n o t

s e e  t h i s  e v e r  h a p p e n i n g  i n  B r i s t o l  B a y . T h e r e  i s  v e r y  l i t t l e  s e t  g e a r  ( e . g .

t r a p s ,  longlines) u s e d  i n  t h i s  a r e a . I f  s o m e  g e a r  w o u l d  b e  i n  t h e  v i c i n

o f  t h e  a c c i d e n t , t h e r e  w o u l d  b e  ample t i m e  to r e m o v e  it. M o b i l e  f i s h i n g

( e . g .  t r a w l s )  c a n n o t  b e  c o n t a m i n a t e d  w i t h  oil, unless i t  i s  d o n e  w i l l f u l

t y

g e a r

Y.
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Table 6 . - - A r e a s  c o v e r e d  w i t h  h e r r i n g  j u v e n i l e s  ( S p e c i e s  1 )  a n d  a d u l t  K i n g  a n d
B a i r d i  c r a b s  ( S p e c i e s  13) c o n t a m i n a t e d  w i t h  p e t r o l e u m  h y d r o c a r b o n s
a t  v a r i o u s  l e v e l s . ( T i m e  s e q u e n c e  i n  d a y s ;  a r e a  c o v e r e d  i n  k m2 . )
N o  m i g r a t i o n s . P o r t  H e i d e n  a c c i d e n t  s c e n a r i o ,

Species 1 S p e c i e s  13

C o n t a m i n a t i o n  (ppm) C o n t a m i n a t i o n  (ppm)

Day ~5 >10 >50 >100 >5 >10 >50 >100

1
2
3
4
5
6
7
8
9

1 0
11
1 2
1 3
1 4
1 5
1 6
17
18
1 9
2 0
2 1
2 2
23
24
2 5
2 6
2 7
2 8
2?
3 0
3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
42
4 3
4 4
4 5
46
47
4 8
4’?
5 0

7 2
1 4 4
2 4 0
3 5 6
468
616
764
968

loao
i212
1 2 2 4
1 2 3 2
1 2 1 6
1188
1 1 5 2
1 1 0 0
1068
1036
? 7 2
? 2 4
8A8
E20
744
6 8 8
604
540
4 7 2
3 8 8
3 2 4
2 2 4
128
4 8

0
0
0
0
0
0
G
o
0
0
0
0
0
0
0
0
0
0

5 6
1 2 0
2 0 8
2 9 2
3 9 2
5 1 2
.532
7 9 2
9 0 0
9 8 8

1020
1 0 3 6
1 0 1 2
976
936
8 8 0
8 5 6
792
7 4 4
6 8 4
604
5 5 2
4 7 6
4 0 0
3 4 0
248
1 5 2
76

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 4
60
? 6

1 4 0
1 9 2
2 4 8
3 0 4
3 6 0
412
4 5 2
4 7 2
4 5 2
4 2 4
376
3 2 8
2 6 8
1 9 2
1 1 6

5 2
4
0
0
0
0
0
0
0
0
0
0
0
0
Q
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
3 2
4 8
8 0
9 6

1 1 6
1 4 4
1 4 8
152
1 6 8
132
136
io4

5 6
2 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 4
8 0

144
2 2 8
3 2 0
4 2 4
564
736
9 0 4

1 0 2 0
1 1 0 8
1 1 4 4
1 1 9 2
~~28
1 2 3 6
1 2 4 0
1 2 4 0
1 2 4 4
1 2 4 0
1 2 2 0
1 1 8 8
1168
1 1 5 2
1 1 4 8
1 1 2 8
1 1 0 4 ’
1 0 6 8
1 0 4 0
1 0 1 6

9 6 8
9 4 0
9 0 4
8 6 4
8 2 4
780
7 4 8
6 ? 2
64EI
5 8 S
5 4 8
4 8 8
4 4 0
3 8 4
3 2 4
248
1 9 2
1 3 6

9 2
28

0

8
5 2
9A

1 6 0
2 3 2
3 2 4
4 2 8
5 4 4
6 8 4
7 8 8
8 6 8
9 2 0
9&o
9 7 6

1 0 0 0
1008
1 0 0 4
996
9 7 6
9 6 0
9 5 2
9 3 2
9 1 6
8 8 4
8 6 0
832
7 8 4
7 6 0
732
A96
640
5 9 2
5 6 8
516
4 4 8
4 1 2
3 7 2
3 0 4
2 4 8
1 8 0
1 1 6

6 4
1 6

0
0
0
0
0
0
0

0
0
0
8

4 0
6r3
? 2

1 2 4
156
2 1 6
268
2 9 2
3 2 8
3 5 6
3&4
368
3 5 2
3 3 6
3 2 0
2 9 2
2 7 2
2 2 0
19A
1 5 6
1 1 2

8 0
2 4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
4

2 0
2 4
3 2
3 2
3 2
2 8
2 0
16
12

8
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



If a n  a c c i d e n t  s h o u l d  h a p p e n  ( i . e . o i l  s p i l l e d  i n  t h e  w a t e r  i n  c o n s i d e r a b l e

quantities), fishing in the affected area must stop for awhile in order to

p r e v e n t  t h e  c a p t u r e  a n d  m a r k e t i n g  o f  f i s h  t a i n t e d  w i t h  o i l .  T h e  t a i n t i n g  of

f i s h  a n d  t h e  a r e a  c o v e r e d ,  a n d  t i m e  p e r i o d  o f  t a i n t i n g ,  w a s  c o m p u t e d  w i t h

o u r  s i m u l a t i o n s  (Pola, M i y a h a r a ,  a n d  G a l l a g h e r  1985, r e f .  10 i n  S e c t i o n  5 ) .

T h e  m a x i m u m  a r e a s  c o v e r e d  i n  t h e  c a s e s  o f  w e l l  b l o w o u t  a n d  t a n k e r  a c c i d e n t

a r e  g i v e n  i n  T a b l e  6  f o r  t w o  t y p i c a l  s p e c i e s  ( j u v e n i l e  h e r r i n g  a n d  a d u l t  c r a b s ) .

F i g u r e  6  s h o w s  t h e  d e v e l o p m e n t  o f  t h e s e  a r e a s  w i t h  t i m e  a n d  t h e  s u b s e q u e n t

d e p u t a t i o n . B o t h  T a b l e  6  a n d  F i g u r e  6 r e f e r  t o  t h e  t a n k e r  a c c i d e n t  w h i c h

p r o d u c e s  t h e  l a r g e s t  e f f e c t .

T h e  m a x i m u m  a r e a  c o v e r e d  w i t h  t a i n t e d  c r a b s  i s  <1300  kmz. A f t e r  3 0  d a y s

the area has decreased to <1000 kmz and after 50 days all fish and crab

w o u l d  b e  d e p u r a t e d  b e l o w  d e t e c t a b l e  l e v e l . T h e  t a i n t i n g  from a w e l l  b l o w o u t

w a s  c o n s i d e r a b l y  l e s s , c o v e r i n g  l e s s  t h a n  a  q u a r t e r  o f  t h e  a b o v e m e n t i o n e d

a r e a s .

I n  c a s e  o f  a  v e r y  u n l i k e l y  t a n k e r  a c c i d e n t  ( w h i c h  m i g h t  h a p p e n  a n y w h e r e

2
i n  t h e  w o r l d ) ,  a n  a r e a  o f  a b o u t  2 0 0 0  k m  s h o u l d  b e  c l o s e d  f o r  f i s h i n g  f o r

about 45 days. W h e t h e r  a n d  h o w  m u c h  s u c h  a  c l o s u r e  c a n  a f f e c t  f i s h e r i e s

i s  m e a n i n g l e s s  t o  e v a l u a t e  q u a n t i t a t i v e l y . F i r s t , t h e  e v e n t  i s  e x t r e m e l y

r a r e . S e c o n d l y ,  i t

f i s h i n g  g r o u n d .  T h ’

e x t e n t  ( s p e c i e s  a n d

m i g h t  h a p p e n  i n  a n  a r e a  w h i c h  i s  n o t  a  t r a d i t i o n a l

r a l l y ,  t h e  f i s h i n g  a r e a s  ( g r o u n d s )  a r e  o f  c o n s i d e r a b l e

s e a s o n  d e p e n d e n t )  a n d  f i s h i n g  m i g h t  c o n t i n u e  i n  o t h e r

n e a r b y  a r e a s  w i t h  s a m e  p r o f i t a b i l i t y  a s  i t  w o u l d  h a v e  d o n e  i n  c l o s e d  a r e a .

(  I  t  c o u l d  b e  n o t e d  t h a t  2 0 0 0  k m2 i s  l e s s  t h a n  1 %  o f  t h e  a r e a  o f  B r i s t o l  B a y ,

a n d  e q u a l l y  l e s s  t h a n  1 %  o f  t h e  “ p r i m e ” f i s h i n g  g r o u n d s  i n  t h e  B e r i n g  Sea.)
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a r e  s h o w n .
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4 . 4  S p e c i a l  c o n s i d e r a t i o n s  w i t h  anadromous  f i s h

S p e c i a l ,  c a r e f u l  c o n s i d e r a t i o n  o f  t h e  p o s s i b l e  e f f e c t s  o f  o i l  d e v e l o p m e n t

o n  s a l m o n  i s  r e q u i r e d  d u e  t o  i t s  i m p o r t a n c e  i n  A l a s k a n  f i s h e r i e s  a n d  e s p e c i a l l y

b e c a u s e  o f  t h e  p o s s i b i l i t y  o f  t h e  p r e s e n c e  ( a n d / o r  p a s s a g e )  o f  a  g r e a t  p o r t i o n

o f  outmigrating j u v e n i l e s  ( s m e l t )  a n d  r e t u r n i n g  a d u l t s  i n  p o s s i b l e  o i l  s p i l l

s i t e s . A thorough numerical study of possible effects of oil  on sockeye salmon

( t h e  m a i n  s p e c i e s  i n  B r i s t o l  B a y )  w a s  c o n d u c t e d  w i t h i n  t h e  t h r e e  b l o w o u t  a n d

a c c i d e n t  s i t e s  ( B a x  1985, re f .  8 ,  S e c t i o n  5 ) . T h e  a s s u m p t i o n s  o f  oil e f f e c t s

in this study were more conservative than with marine fish to achieve MEC

( 1 0 0 %  m o r t a l i t y  a t  4 5 0  p p b  o f  f u e l  o i l  i n  2 4  h ;  1 0 0 %  m o r t a l i t y  a t  2 . 5  p p m  o f

c r u d e  o i l  i n  2 4  h ;  t a i n t i n g  l e v e l  i n  s a l m o n  f l e s h  6 0 0  ppb).

T h e  c o m p u t a t i o n s  o f  m i g r a t i o n s  o f  s m e l t  ( j u v e n i l e s )  a n d  a d u l t s  w a s  c a r r i e d

o u t  w i t h  n o - a v o i d a n c e  a n d  w i t h  a v o i d a n c e  r e a c t i o n . T h e  r e s u l t s  o f  t h e  e f f e c t s

o f  b l o w o u t  a n d  t a n k e r  a c c i d e n t  h a p p e n i n g  d u r i n g  t h e  m o s t  u n f a v o r a b l e  p e r i o d s

i n  P o r t  H e i d e n  a n d  P o r t  M e l ’

( c o n s i d e r i n g  o n l y  t h a t  p o r t

a t  t h e  a c c i d e n t  t i m e ) . T h e

B r i s t o l  B a y  s o c k e y e  popu?at

A  m a x i m u m  o f  13% m o r t a l

t a n k e r  a c c i d e n t . T h i s  d o e s

e r  a r e a s  a r e  s u m m a r i z e d  i n  T a b l e s  7  a n d  8

o n  o f  t h e  p o p u l a t i o n s  p a s s i n g  t h r o u g h  t h e s e  a r e a s

m o r t a l i t i e s  a n d  t a i n t i n g  e x t r a p o l a t e d  t o  w h o l e

o n  f o r  t h e  t a n k e r  a c c i d e n t  i s  g i v e n  in T a b l e  9.

t y  o f  outmigrating s m e l t  could b e  c a u s e d  b y  u n l i k e ’

n o t  m e a n  t h a t  t h e  r e t u r n i n g  y e a r  c l a s s  w o u l d  b e

Y

a f f e c t e d  b y  t h e  s a m e  a m o u n t ,  a s  t h e  n a t u r a l  m o r t a l i t y  o f  s m e l t  i s  v a r i a b l e  f r o m

y e a r  t o  y e a r  ( o n  a v e r a g e  90%). I t  i s  u n r e a l i s t i c  t o  q u a n t i f y  t h e  m i n o r  e f f e c t

o n  molt i n  t e r m s  o f  f u t u r e  ( 2  o r  3  y e a r s  l a t e r )  f i s h i n g  o n  r e t u r n i n g  a d u l t s .
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Table 7--- Simulated percent mortalities of sockeye salmon migrating through
the oil spill grids either directly or with avoidance of the spill.

Spill scenario Run time P e r c e n t  m o r t a l i t i e s
(hrs ) Direct Migration w i t h

m i g r a t i o n avoidance

Juveniles
Port Heiden

Tanker spill/fuel oil 240 35.5 15.4
Blowout/crude oil 480 0 . 4 0 . 5

Port Moller
Tanker spill/fuel oil 240 14.2 7 . 0
Blowout/crude oil 480 1.2 0 . 5

Adults
Port Heiden

Tanker spill/fuel oil 240 17.6 3.2
Blowout/crude oil 480 0.2 0.1

Port Moller
Tanker spill/fuel oil 240 11.6 2.1
Blowout/crude oil 480 0.2 0.1
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T a b l e  8 - - - Simulated percent taintings  of sockeye salmon migrating through
the oil spill grids either directly or with avoidance of the spill.

Spill scenario Run time Percent tainted above 0.6 Pm
(hrs ) Direct Migration with

migration avoidance

Juveniles
Port Heiden

Tanker spill/fuel oil 240 17.7 10.6
Blowout/crude oil 480 0 . 0 0 . 0

Port Moller
Tanker spill/fuel oil 240 5.2 3.1
Blowout/crude oil 480 0 . 1 0 . 0

Adults
Port Heiden

Tanker spill/fuel oil 240 7.1 3.1
Blowout/crude oil 480 0 . 0 0 . O

Port Moller
Tanker spill/fuel oil 240 5 . 0 2 . 6
Blowout/crude oil 480 0 . 0 0 . 0
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Table 9--- Percent mortalities and tainting from tanker spill scenarios
extrapolated to whole population.

Age Location Reduction Percent mortalities Percent tainted
group of spill factor Direct Avoid Direct Avoid

xx

Juveniles l.X

(combined
rivers )

Juveniles 2.X

(combined
rivers )

Adults

Pt. Heiden 0.36 12.8 5.5 6.4 3.8

Pt. Moller 0.47 6.7 3.3 2.4 1.5

Pt. Heiden 0.28 9.9 4.3 5.0 3.0

Pt. Moller 0.36 5 . 1 2 . 5 1.9 1.1

P t .  Heiden 0 . 2 7 4 . 8 0 . 9 1.9 0.8

Pt. Moller 0 . 4 1 4 . 8 0 . 9 2.1 1.1

x  J u v e n i l e s  w h i c h  s p e n d  1  r e s p .  2  y e a r s  i n  f r e s h  w a t e r .
x x  F r a c t i o n  o f  the p o p u l a t i o n  p a s s i n g  t h r o u g h  t h e  t h r e e  o i l  s p i l l  s c e n a r i o  a r e a s .
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T h e  a d u l t s  o f  t o t a l  B r i s t o l  B a y  s o c k e y e  s a l m o n  p o p u l a t i o n  m i g h t  s u s t a i n

a 5 %  m o r t a l i t y  a n d  a n  a d d i t i o n a l  2 %  t a i n t i n g . L o c a l  d i s r u p t i o n  o f  s a l m o n

f i s h e r y  m i g h t  o c c u r  i f  a  t a n k e r  a c c i d e n t  o f  t h e  u n r e a l  m a g n i t u d e  w o u l d  o c c u r

d u r i n g  t h e  p e a k  s a l m o n  r u n  ( w i t h i n  a b o u t  a  m o n t h ) ,  e s p e c i a l l y  if t h is

o c c u r r e d  c l o s e  t o  t h e  f i s h i n g  g r o u n d s .

.8

4 0



5 . L I S T  O F

( l i s t e d

1 . K i m ,  S .  a n d

TECHNICAL REPORTS RESULTING FROM THE STUDY

i n  c h r o n o l o g i c a l  o r d e r  o f  r e p r o d u c t i o n )

A.W. K e n d a l l .

1 9 8 3  ( D e c e m b e r ) .  T h e  n u m b e r s  a n d

a n d  l a r v a e  i n  t h e  s o u t h e a s t e r n

3 5  p p .

2 . L a e v a s t u ,  T .  a n d  F .  F u k u h a r a .

distribution of walleye pollock eggs

Bering Sea. NWAFC Proc. R p t .  8 3 - 2 2 ,

1 9 8 4  ( M a r c h ) . Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  o i l  d e v e l o p m e n t

i n  t h e  B r i s t o l  B a y  r e g i o n  o n  t h e  c o m m e r c i a l  f i s h e r i e s  i n  t h e  B e r i n g  S e a .

NWAFC Proc. R p t . 8 4 - o 6 ,  7 3  pp.

3 .  Pola-Swan, N .

1984 ( A p r i l ) . B i o l o g i c a l  i m p a c t  o f  a n  o i l  s p i l l  ( B I O S )  model d o c u m e n t a t i o n .

P a r t  1 : F i s h  m i g r a t i o n s  a n d  e x p o s u r e  t o  c o n t a m i n a t i o n .  N W A F C / R E E S T

P r o g .  DOC. 2 1 ,  2 3  pp.

4 . G a l l a g h e r ,  A.F.

1984 ( M a y ) . D o c u m e n t a t i o n  o f  t h e  b i o l o g i c a l  i m p a c t  o f  a n  o i l  s p i l l

m o d e l  ( B I O S ) .  P a r t  2 : F i s h  f e e d i n g  a n d  c o n t a m i n a t i o n  t h r o u g h

consumption - S u b r o u t i n e  F E D O I L . N W A F C / R E E S T  Prog. Dec. 22, 21 pp.

5 . G a l l a g h e r , A.F. a n d  N .  Pola.

1 9 8 4  ( N o v e m b e r ) . T h e  u p t a k e  a n d  d e p u t a t i o n  o f  p e t r o l e u m  h y d r o c a r b o n s

i n  m a r i n e  s p e c i e s . A  s i m u l a t i o n  s t u d y  o f  t h e  u p t a k e  a n d  d e p u t a t i o n

o f  p e t r o l e u m  h y d r o c a r b o n s  a n d  i t s  e f f e c t s  o n  s e l e c t e d  m a r i n e  s p e c i e s

i n  t h e  B r i s t o l  B a y  e c o s y s t e m . N W A F C  P r o c .  R p t . 8 4 - 1 6 ,  6 8  pp.

6 . Miyahara, R.K. a n d  W.J. Ingraham.

1984 ( D e c e m b e r ) . P h y s i c a l  f a c t o r s  affect?ng t h e  f a t e  o f  a  p e t r o l e u m

s p i l l  i n  t h e  s o u t h e a s t e r n  B e r i n g  S e a . N W A F C  Proc. Rpt. 8 4 - 2 o ,  6 5  pp.

41



7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 3 .

Laevastu,  T .  a n d  F .  Fukuhara.

1985 ( J a n u a r y ) . O i l  o n  t h e  b o t t o m  o f  t h e  S e a . A  s i m u l a t i o n  s t u d y

o f  o i l  s e d i m e n t a t i o n  a n d  i t s  e f f e c t s  o n  t h e  B r i s t o l  B a y  e c o s y s t e m .

N W A F C  Proc. Rpt. 85-o1, 5 3  pp.

B a x ,  N.J.

1 9 8 5  ( J a n u a r y ) . S i m u l a t i o n s  o f  t h e  e f f e c t s  o f  p o t e n t i a l  o i l  s p i l l

s c e n a r i o  o n  j u v e n i l e  a n d  adult s o c k e y e  s a l m o n  (Oncorhynchus  nerka)

m i g r a t i n g  t h r o u g h  B r i s t o l  B a y ,  A l a s k a . NWAFC Proc. R p t . 8 5 - 0 3 ,  1 2 8  p p .

F r e d i n ,  R.A.

1 9 8 5  ( F e b r u a r y ) . P a c i f i c  c o d  i n  t h e  e a s t e r n  B e r i n g  Sea: A  s y n o p s i s .

NWAFC Proc. R p t . 8 5 - 0 5 ,  5 8  pp.

Pola, N . B . , R.K. Miyahara, a n d  A.F. G a l l a g h e r .

1 9 8 5  ( A p r i l ) . S p a t i a l  a n d  t e m p o r a l  e x t e n t  o f  h y d r o c a r b o n  c o n t a m i n a t i o n

i n  m a r i n e  s p e c i e s  o f  B r i s t o l  B a y . NWAFC Proc. R p t . 8 5 - o 8 ,  4 0  pp.

Honkalehto, T .

198s ( A p r i l ) . R e c o v e r y  o f  t h r e e  B e r i n g  S e a  t y p e  f i s h  p o p u l a t i o n s  f r o m

c a t a s t r o p h i c  l a r v a l  m o r t a l i t y  -  A  s i m u l a t i o n  a p p r o a c h . NWAFC Proc.

R p t .  8 5 - 1 3 ,  3 5  Pp.

L i v i n g s t o n ,  P.A.

1 9 8 5  ( A p r i l ) . F o o d  h a b i t s  o f  B r i s t o l  B a y  s p e c i e s  w h i c h  m i g h t  b e  a f f e c t e d

b y  o i l  d e v e l o p m e n t . A  s t u d y  o n  t h e  v a r i a b i l i t y  i n  d e m e r s a l  a n d  p e l a g i c

f o o d  h a b i t s . N W A F C  Proc. Rpt. 8 5 - 1 2 ,  3 9  pp.

F u k u h a r a ,  F.M.

1 9 8 5  ( M a y ) . B i o l o g y  a n d  f i s h e r y  o f  s o u t h e a s t e r n  B e r i n g  S e a  k i n g  c r a b

( P a r a l i t h o d e s  c a m t s c h a t i c a ,  Tisel ius). N W A F C  Proc. R p t .  85-11, 170 p p .

4 2



3

1 4 . Pola, N.B.

198s ( J u n e ) .  Fbdelling t h e  b i o l o g i c a l  i m p a c t  o f  a n  o i l  s p i l l ;  B I O S

mode 1. t’JWAFC/REEST  Prog. D e c .  2 4 ,  5 1  p p .

1 5 . Fukuhara,  F.M.

1 9 8 5  (July). E s t i m a t e d  i m p a c t s  o f  h y p o t h e t i c a l  o i l  s p i l l  a c c i d e n t s

o f f  P o r t  Moller, P o r t  H e i d e n ,  a n d  C a p e  N e w e n h a m  o n  e a s t e r n  B e r i n g  S e a

y e l  l o w f i n  s o l e . NWAFC Proc. R p t . 85-15, 7 7  pp.

4 3



6 . REFERENCES

C o n a n ,  G .

1982. T h e  l o n g - t e r m  e f f e c t s  o f  t h e  A m o c o  C a d i z  o i l  s p i l l .  P h i  I .  T r a n s .——

R .  S o t .  L o n d o n ,  B297:323-333.

Connell, D .  W .  a n d  G .  J .  M i l l e r .

1 9 8 0 . P e t r o l e u m  hydorcarbons  i n  a q u a t i c  e c o s y s t e m  -  B e h a v i o r  a n d  e f f e c t s
o

o f  s u b l e t h a l  c o n c e n t r a t i o n s : P a r t  1 . C R C  C r i t i c a l  R e v i e w s  i n  E n v i r o n m e n t a l

C o n t r o l . 11(1):37-104. P a r t  2  i b i d  11(2):105-161.

D a v e n p o r t ,  J .

1 9 8 2 . O i l  a n d  planktonic e c o s y s t e m s . P h i l .  T r a n s .  R .  S o t .  L o n d o n ,  B297:369-384.

Duval, W .  S .  a n d  R .  P .  F i n k .

1 9 8 1 . T h e  s u b l e t h a l  e f f e c t s  o f  w a t e r - s o l u b l e  h y d r o c a r b o n s  o n  t h e  p h y s i o l o g y

a n d  behavioar o f  s e l e c t e d  m a r i n e  f a u n a . M.S. r e p o r t  EE-16 t o  E n v i r o n m e n t

C a n a d a . 8 6  p p .

G e a r i n g ,  J .  N .  a n d  P .  J .  G e a r i n g .

1 9 8 3 . S u s p e n d e d  load a n d  v o l u b i l i t y  a f f e c t  s e d i m e n t a t i o n  o f  p e t r o l e u m

h y d r o c a r b o n s  i n  c o n t r o l l e d  e s t u a r i n e  e c o s y s t e m s .  C a n .  J .  F i s h .  A q u a t .

S c i .  40 (Suppl. 2):54-62.

Grahl-Nielsen, O . ,  T .  Neppelberg, K .  H .  Palmork, K .  W e s t r h e i m ,  a n d  S .  Wilhelmsen.

1 9 7 6 . T h e  Drupa o i l  s p i l l , i n v e s t i g a t i o n  c o n c e r n i n g  o i l ,  w a t e r ,  a n d  f i s h .

I C E S ,  C M  lg76/E:34.

J~rvela, L .  E . , L .  K .  T h o r s t e i n s o n ,  a n d  M  J .  Pelto.

1984. Oil and gas development and related issues. I n :  L .  J .  J~rvela  [ c d . ]

T h e  N a v a r i n  B a s i n  E n v i r o n m e n t  a n d  P o s s i b l e  C o n s e q u e n c e s  o f  P l a n n e d

O f f s h o r e  O i l  a n d  G a s  D e v e l o p m e n t .  N O A A  a n d  M M S .

45



J o h n s t o n ,  R .

1 9 7 7 . W h a t  N o r t h  S e a  o i l  m i g h t  cost f i s h e r i e s . Rapp. P . - v .  Re’un. C o n s .

i n t .  Explor. M e r ,  171:212-223.

K i m ,  S .  a n d  A .  W .  K e n d a l l .

1 9 8 3 . T h e  n u m b e r s  a n d  d i s t r i b u t i o n  o f  w a l l e y e  pollock e g g s  a n d  l a r v a e  i n

s o u t h e a s t e r n  B e r i n g  S e a . NWAFC M S  r p t .
0

L i u ,  S .  K .  a n d  M .  J .  Pelto.

( 1 9 8 4 )  D i s t r i b u t i o n  o f  d i s p e r s e d  o i l  f r o m  a  s l i c k  u n d e r  s t o c h a s t i c  w e a t h e r

s t a t e s . (MS r e p o r t ,  16  pp).

Monen, C .  A. a n d  M .  J .  Pelto.

1984. T r a n s p o r t  a n d  f a t e  o f  s p i l l e d  o i l . I n  Proc. o f  t h e  S y n t h e s i s  M e e t i n g :

T i n e  N o r t h  A l e u t i a n  S h e l f  E n v i r o n m e n t  a n d  P o s s i b l e  C o n s e q u e n c e s  o f

O f f s h o r e  O i l  a n d  G a s  D e v e l o p m e n t ,  N O A A  a n d  M M S ,  p p  1 1 - 3 4 .

Marchand, M .  a n d  M .  P .  Caprais.

1 9 8 2 ?  Suivi d e  l a  p o l l u t i o n  d e  1’AMOCO  Cadiz d a n  l’eau d e  m e r  e t  l e s—  —

s e d i m e n t s  m a r i n s .

A m o c o  C a d i z , c o n s e q u e n c e s  d’une p o l l u t i o n  accidentelle p a r  ?es  hydrocarburas.— —

C o n t .  Natl. Explor. O c e a n s ,  P a r i s  :23-54.

Malins, D . C .  a n d  1 6  o t h e r  c o a u t h o r s .

1 9 8 2 . S u b l e t h a l  e f f e c t s  o f  p e t r o l e u m  h y d r o c a r b o n s  a n d  t r a c e  m e t a l s ,

i n c l u d i n g  b i o t r a n s f o r m a t i o n s ,  a s  r e f l e c t e d  b y  m o r p h o l o g i c a l ,  c h e m i c a l ,

p h y s i o l o g i c a l ,  p a t h o l o g i c a l , a n d  b e h a v i o r a l  i n d i c e s .  M S  R e p o r t ,  N W A F C ,

E n v .  C o n s . D i v .  2 6 8  p p .

M c I n t y r e ,  A .  D .

1 9 8 2 . O i l  p o l l u t i o n  a n d  f i s h e r i e s . P h i l .  T r a n s .  R .  S o t .  L e n d .  B297:401-411.

4 6



N a t i o n a l  A c a d e m y  o f  S c i e n c e .

1984. P e t r o l e u m  i n  t h e  m a r i n e  e n v

Norges Offentlige U t r r e d n i n g e r  N O C I

r o n m e n t .

980:25.

1 9 8 0 . Muligheter og k o n s e k v e n s e r  v e d  petroleumsfunn cord f o r  62”N.

N o t i n i ,  M .

1 9 7 6 . E f f e c t e r  a v  mineralolje p a  ?ittorala

Symposiet om V a t t o n f o r s k n i n g .  Visby Mai

P a y n e ,  J .  R . , B .  E .  K i r s t e i n ,  G .  D .  McNabb, J

R .  E .  J o r d a n  a n d  W .  H o r n .

e k o s y s t e m . Tolte N o r d i s k a

976.

L .  L a m b a c h ,  C .  d e  Oliveira,

1 9 8 3 . Muitivariate a n a l y s i s  o f  p e t r o l e u m  h y d r o c a r b o n  w e a t h e r i n g  i n  t h e

s u b a r c t i c  m a r i n e  e n v i r o n m e n t . Proc. 1983 oil Spill Conf. :4z3-433.

P a y n e ,  J. R .  a n d  B .  E .  K i r s t e i n .

(  1 9 8 5 ) . O i l - w e a t h e r i n g  p r e d i c t i o n s  ( M S  r e p o r t ,  S c i e n c e  Appl. I n c .  SAIC

5 - 8 5 ,  2 9  p p )  .

47


